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dilepton/l+jets (topological)
dilepton*  (topological)
ltrack/emu* (combined)
tau+jets* (b-tagged)
alljets (b-tagged)
l+jets (b-tagged)
l+jets* (NN b-tagged)
l+jets*  (topological)
230 pb–1
7.1
+1.2
-1.2
+1.4
-1.1
pb
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Winter 2007
Kidonakis and Vogt, PRD 68, 114014 (2003)  
Cacciari et al., JHEP 0404, 068 (2004)
mtop = 175 GeV
l+jets* (μ-tagged)
420 pb–1
7.3
+2.0
-1.8
+0.0
-0.0
pb
ﬁﬀﬂﬃCgX e=X
V
 ]F
/
-
6;? )
:
),-
/
-
:
%
:
? V-
/
-
/ X/
-
62
/

/
?
:
-
/
'*),+5#&%
/ 
'
:
'
/

x

 	|
h
:(
	K:<8>8
2#&6
B
F
/G/
-
8
#&62q?
/
-q'
#&%GZ$F
/
2
/
%('
/
-

p
k+
B&/
2A
bxKE@%7UgX e=X


X
j742yO7;HI<2@%7)7;?JNBUyAEA5N4%J89K?b<2@P>$?42^$7'@!4270GF7;4CyA>$J8@%7;4i<
=
<GF9K??7GF7;4CJZ?GJNH'><%J89K?A4\4%EF@C5 V7BO7'<G7;4i@P>$GJZ><%J89K?4
GF7c5  [7'<%><JN?J8<%>$5 XWEF@5Z>ﬀbxKE@%7bgX e=X


vp5 TJNBDyAE5N4%JN9K?b<2@!>$?42^$7'@P427wGE42W42<Iu7;BU7
>
<(= <
@
7;4%<7;?BU9 $7;??F7cyA5NE4
[7;587'^[7'7c>$E:j MHI7;5N>U7;42<CGhEdu>DE?z?F9KB0m@%7yA5ZE4L[7;587'^[7wGF7yA>@%<%JZH'E587;4L[7;BDJN427;4G>$?4\5 ﬂ[7'<%><MJN?J8<%JZ>$5 X
 (GeV/c)ttE
0 200 400 600 800 1000 1200 1400 1600 1800 20000
0.02
0.04
0.06
0.08
0.1
0.12
0.14
) :tEnergie (t
 LHC
 TeVatron
 (GeV/c)ttp
0 20 40 60 80 100 120 1400
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
) :tImpulsion transverse (t
 LHC
 TeVatron
ﬁﬀﬂﬃ]gX e=X



J
%
/
2
i
+
/
f;h
:Ti>:
67'3k
/l /
)t+
Xs8
6;? -
+5#&%j),2
:
%7-
B&/
23-
/
f;h
:
V2#&+1)
/l

/
-
8;:
+12
/
-
6

6

:
%7- ?
/
2$F
/
Z$F
/
2
/
%.),+
/
?&6
?
:
4
#&2
:
)=#&+12
/$8
2#&6+1),-
:
6

I
/
)
:
6
/7:
),2#V%wA
ﬃ "!#$ﬃﬀ %'&)('*
+-,/.10
&32#4
+ 5 +
7ﬂﬁﬃ 
5
4 &
0
7
5 + 5
*
+
7 &3(
0
*
+"!
ﬃ
.10
&# (
5 +
7$ﬁ
.
&%ﬃ
+
7
<
=
<
5 .
( 7'&
+)( .
(
.
&
*
7
+<,
&,+-&
+
ﬁ
0
 ( & 2#4
+/.
j7;4\yA>$J8@P7;4\<(= <C427GS[7;4PJN?a<'u7'x$@%7;?Q<M7;?zmO9K429K?4F4 7'<Co=E>@ﬂdW4
P
XAj7;4XbxKEF@P7;4)gX e=XNg'L7'<0gX e=XNg$g0BU9K?Q<2@%7;?Q<
587;4cGJN4%<2@PJ8mAEF<%JN9K?47;?JNBUyAEA5N4%J89K?<2@P>$?A42^$7'@P4277'<w7;?*yA427;EGF9 @!>yAJNGJ8<=[7 GF7 HI7;4wyn>@%<%JNH'E587;4;v>;^>$?Q<U@P>$GJN>`
<%J89K?A4'Xjk7;4wmO9K429K?4*4 7'<D587;4Uo=E>@ﬂdW4
P
<27;?G7;?a<fu>h7'<2@%7:HI7;?Q<2@P>$E\gOX R@%9 ^$7;?>$?Q<LGF7z5N>GS[7;4%JZ?a<=[7'x$@P><%J89K?
e$e
GF7;4ﬀoQE>@d=4 #@? !vCJN5Z4z429K?a<Ł[7'xK>$587;BU7;?Q< [7;?F7'@%x[7'<%JNo=EF7;4'v6>;^$7;H*E?F7JNBDyAE5N4%JN9K?<2@P>$?A42^$7'@P427*BU9 $7;??7dGF7
 
y
O

P `

7"f `HyO9KEF@b587;4 o=E>@ﬂdW4
P
vR7'<
 
y
 
P




7"f`HyO9KEF@b587;4LmO9K429K?A4 4 XYj7;4
42yO7;HI<2@%7;47;?JNBUyAEA5N4%J89K?<2@P>$?A42^$7'@P427wGF7wHI7;4yn>@%<%JNH'E587;4429K?Q<6<2@;u7;44%7;BmA5Z>mA587;4iynEJN4%o=EF7587c42W42<Iu7;BU7
>
# =#A@
7;42<0y@%9WGEJ8<> ^$7;HbE?7LJNBUyAEA5N4%J89K?<2@P>$?4%^$7'@P427D	>$J8mA587bGF7'^`>$?Q<587;E@0JNBUynE5N4%J89K?589K?FxKJN<%EGJN?>$5N7$vO>$Ej
HI9KBDBD7>$E 7"f><2@%9K?pX  >@6HI9K?a<2@%7$v5 TJNBUynE5N4%J89K? 589K?FxKJN<%EGJN?>$5N7GE:4%=42<'u7;BU7
>
# =#A@ 7;42<CyA5NE4]JNBUyO9$@%<%>$?Q<27
>$E:j MMvHV7;42<CyO9KEF@Po=EF9KJO587;4\yn>@%<%JNH'E587;4Sy@P9=GEAJ8<27;4\>$E:j 427)4PJ8<%EF7;?Q<0u>UyA5NE4]x$@!>$?GnX
 (GeV/c)W
T
p
0 50 100 150 200 250 3000
0.02
0.04
0.06
0.08
0.1
0.12
0.14
Impulsion transverse du W :
 LHC
 TeVatron
 (GeV/c)b
T
p
0 50 100 150 200 250 3000
0.02
0.04
0.06
0.08
0.1
0.12
0.14
Impulsion transverse du b :
 LHC
 TeVatron
ﬁﬀﬂﬃgX e=XNg'
	
Xt8
6;? -
+5#&%),2
:
%.-
B&/
23-
/
V6Y4
#&-<#&%

f;h
:i>:
67'3k
/l/
) V6*6
:
2
f;h
:
&2#V+1)
/l
+1-
-
6-
/
-*6
:
2V-M)=#
8
:
6 

I
/
)
:
6
/7:
),2#&%wA
Wη
-4 -3 -2 -1 0 1 2 3 40
0.005
0.01
0.015
0.02
0.025
0.03
0.035
0.04
0.045
0.05
Pseudorapidite du W :
 LHC
 TeVatron
bη
-4 -3 -2 -1 0 1 2 3 40
0.01
0.02
0.03
0.04
0.05
0.06
Pseudorapidite du b :
 LHC
 TeVatron
ﬁﬀﬂﬃRgX e=XNg$g
-
/
6>#52
:38
+,&+1)F
/
&6 4
#&-<#&%

f;h
: i>:
6.'3k
/lY/
) &6*6
:
2
f7h
:
&2#&+ )
/l
+1-
-
6- 
/
-ﬀ*6
:
2V-)=#
8 :
6


I
/
)
:
6 
/7:
),2#&%(A
j7;4:587'y<29K?A4:JN4%4%EA4 GAE64 4%9K?a<ﬀBL> 
"9$@PJN<%>$J8@%7;BU7;?Q<:HI7;?a<2@!>$E\gŁ7'< [7;?F7'@%x[7'<%JNo=EF7;4'XMj>QbxKEF@P7gX e=XNg
}
BU9K?Q<2@%7coQEF7
V
}
S
K  
S
M
G7;4z[7;587;HI<2@%9K?A4C9KEB0E9K?44%9K?a<6G>$?4C5 T>$H'HI7'y<%>$?HI7UGF7;46GY[7'<27;HI<27;EF@P4MGF7<2@!>$HI7;4
M ﬂﬁ M
 
}
H `
u>dt
@
K%u>
c
Cj
c

M
7'< 9K?Q< E?7 [7;?F7'@%xKJN7f<2@P>$?A42^$7'@P4274%EFy][7'@PJN7;EF@%7*u>
}


7"f0X]t67Bh7;BU7$v
5 TJZBUyAE5N4PJ89K?w<2@P>$?42^$7'@!427)GF7;4]?F7;EF<2@PJZ?F9K4S7;42<]@%7;5N><%J8^$7;BU7;?Q<\x$@P>$?G7 >W7;5N587M7;42<\4%EyS[7'@PJ87;EF@%7Du>
}


7"f G>$?4



S
GF7;4b[7'^[7;?F7;BD7;?a<%4M>$E 7"f><2@%9K?f7'<C>$E:j6X
j7;4H'>@!>$HI<Q[7'@!JN42<%JNo=EF7;46GF7;4ﬀ
27'<%46G>$?4C5N7;4z[7'^[7;?7;BU7;?a<%4M<
=
<M429K?Q<:[7'xK>$587;BD7;?a<MGJC[7'@%7;?a<27;4M>$E 7"f><2@P9K?
7'<D>$Ej6Xj> bxKE@%7gX e=XNg;eBU9K?Q<2@%7ﬀ5N7:?F9KBmA@%7:GF7'
27'<%4U@%7;HI9K?42<2@!EJ8<%4UyA>@D5N7;4DGY[7'<27;HI<27;EF@P4 t
@
7'<
e

 (GeV/c)l
T
p
0 50 100 150 200 250 3000
0.01
0.02
0.03
0.04
0.05
0.06
Impulsion transverse du lepton :
 LHC
 TeVatron
lη
-4 -3 -2 -1 0 1 2 3 40
0.01
0.02
0.03
0.04
0.05
0.06
Pseudorapidite du lepton :
 LHC
 TeVatron
 (GeV/c)u
T
p
0 50 100 150 200 250 3000
0.01
0.02
0.03
0.04
0.05
0.06
Impulsion transverse du neutrino :
 LHC
 TeVatron
ﬁﬀﬂﬃgX e=XNg
}

I
:
2
:
'*);F
/
2<+ -3),+ *6
/
-ﬁ'*+1%MF
/<X :
),+ *6
/
- 
/
-q?
/E8
)=#&%.-q+1-
-
6- &6 
 
:
%7-q?
/
- F
/<B
F
/
%
/<X/
%7),-
6

6
8
2#&6+1),-
:
6

/7:
),2#&%
/
)
:
6 

I
\
+
Xs8
6;? -
+5#&%),2
:
%.-
B&/
23-
/
&6Y?
/E8
)=#V% '3k
:
2
i
F
/
f;h
:ﬁi>:
67'3k
/l0K8
-
/
6>#52
:<8
+ &+1);F
/
&6?
/E8
)=#&% '3k
:
2
i
F
/
f
:
6 '
/
%7),2
/lT/
)}+
Xt8
6;? -
+5#&%Y),2
:
%.-
B&/
2<-
/
&6T%
/
6),2<+ %(#
f;h
:
&2#V+1)
/l
A
c
ij
c
fyO9KEF@GF7;Ekgf427;EJN5Z47;? [7;?7'@%xKJ87U<2@P>$?4%^$7'@P427$Xkjk7UyA@%7;BDJ87'@M427;EJN5 H!F9KJN4%J 7;42<)5ZJ![7:u>z5 TJNGF7;?Q<%J9bAH'><%J89K?
GF7;4#
27'<%4 K
i

C


g
`U
7"f 7'<$M 

M
 
`
M
XFj76GF7;EkgWJ u7;BU7M427;EJZ5AHP9KJN4%Jn7;42<Yyn5NE4@P7;42<2@PJNHI<%J8zK
i

C





7"f
7'<&M  

M
 
}
H `
M
Xpjk7;4ﬀ[7'^[7;?F7;BD7;?a<%4< = <6>$E 7"f><2@%9K?HI9KBDBU7U>$Ej 429K?Q<6GF7w>$EF<27UBcE58<%J8yn5NJNH'J8<=[7$X

5N4
9K?Q<i7;?:BU9 $7;??F7o=E><2@%7 
27'<%4[7;?F7'@Px[7'<%JZoQEF7;4;X  >@HI9K?Q<2@%7$vn>$Eﬀj HI7'<2<270BcE58<%J8yn5NJNH'J8<=[767;42<iyA5NEA4Yx$@!>$?GF7
u>H'>$EA427ﬀGF7;4L@P>$GJN><%J89K?A4UGF7ﬀ5 ﬂ[7'<%><JN?J8<%JN>$5S7'< GF7ﬀ5 ﬂ[7'<%>< bA?>$5]yA5NEA4UJNBUyO9$@%<%>$?Q<27;4'XRjk7;4 
"7'<%4
P
429K?Q<D7;?
BU9 $7;??F7byA5NE4[7;?F7'@Px[7'<%JZoQEF7;4wo=EF7b5N7;4 
27'<%40JN4P4%E4)GE 4 >$GF@%9K?JZoQEF7 >587 
27'<0GF7byA5NE4)x$@P>$?GF7 [7;?7'@%xKJ87
<2@P>$?A42^$7'@P427y@P9 ^WJ87;?a<GpTE?zo=E>@ﬂd
P
GA>$?4\7;?Q^=J8@P9K?6
`TS
GF7;4iH'>$4;X
N(jets)
0 1 2 3 4 5 6 7 8 90
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
N(jets) :
 LHC
 TeVatron
N(jets)
0 1 2 3 4 5 6 7 80
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
N(jets) :
 LHC
 TeVatron
ﬁﬀﬂﬃ]gX e=XNg;e
	#
X
4*2
/

/
 /
),-
f
*6
:
2V-
/
)
i
? 6.#V%.-
l

:
%.- ?
/
- F
/<B
F
/
%
/<X/
%7),-
6

6
:
6 
/7:
),2#&%
/
)
:
6 

I
A 
/
-
-
/
6+,? -
:<8>8
? + *6tF
/
-
8
#&62t?
:i
62
/

/_i>:
67'3k
/
-<#&%7)

nﬁﬀﬃﬂ 
/
)"! #

!%$

A 
/
--
/
6+,? -
:38>8
? + *6tF
/
-
8
#&62t?
:$i
6;2
/

/
&2#V+1)
/
-<#&%7)
8
? 6-M2
/
-
),23+5'*),+ Z<-
\



'&)(
ﬀﬃﬂ 
/
)*! #
+
!%$
`-, 
A
j7;4H'>@P>$HI<=[7'@PJZ42<%JNo=EF7;4 GF7;4[7'^[7;?F7;BU7;?Q<%4 <(= <G>$?4587RH'>$?>$5.

!
#@?
?
O0/Q
#
 Y4%9K?a<GF9K?H >`E?587'yA<29K?HI7;?Q<2@P>$5
7'<SGF7ix$@P>$?GbBU9KBU7;?Q<R<2@P>$?A42^$7'@P427$vW5N>y@W[7;4%7;?HI7GpTEA?F7CJNBUyO9$@%<%>$?Q<27z[7;?F7'@PxKJ87C<2@P>$?A42^$7'@P4276BD>$?o=E>$?a<276GEF7
u>b5N>LyA@=[7;427;?HI7wGEf?7;EF<2@PJN?F9FvnE?F79$@%<27wB0EA58<%J8yA5NJZH'J8<Q[7)7;? 
27'<%4MHI7;?a<2@!>$E\gfGF70x$@P>$?GF7[7;?F7'@%xKJ87c<2@P>$?42^$7'@!427$X
 >@PBDJZ4iHI7;4 
"7'<%4'vn9K?ﬀHI9KBUyA<27cGF7;Ekg	
27'<%46GF7o=E>@ﬂd
P
vnGF7;E\g'
27'<%4CyA@%9 ^$7;?>$?Q<MGE:mO9K429K?4 >$GF@%9K?JZoQEF7$v
7'<CG7;4 
"7'<%4C4%EFyyA5-[7;BD7;?a<%>$J8@P7;4\y@%9 ^$7;?>$?a<GF7;4\@P>$GJZ><%J89K?4\GF7;4[7'<%><%46JN?JN<%JN>$57'<XbA?>$5 X
j7;4 [7'^[7;?F7;BU7;?Q<%4z<(= <b?F7429K?Q<byA>$4b587;4 427;E5N4Ly@%9WHI7;4%4%E4bGEJﬀ9=Gpu7;587 =<%>$?GA>@PG u>>;^$9KJ8@zE?F7ﬀ<27;5N587
4%JNxK?><%EF@%7$XFt67;4iy@P9=HI7;4%4PE4]yO7;EF^$7;?a<'vF7;?:<27;?>$?a<HI9KBUy<27GF7;4i7B7'<%4GEzGY[7'<27;HI<27;EF@C7'<GF7)5N>w@%7;HI9K?4%<2@PEH-
<%J89K?kv=> ^$9KJ8@i5N>cBh7;BU7M<29$y9K5N9$xKJ876o=EF758764%J8xK?>$5<(= <'X

54'T>xKJ8<\GF7;4Sy@P9=HI7;4%4PE4YG7y@P9=GEAHI<%J89K?bBcE58<%J 
"7'<%4'v=GF7
e
`
 (GeV/c)jet
T
p
0 50 100 150 200 2500
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
Impulsion transverse des jets :
 LHC
 TeVatron
 (GeV/c)jet
T
p
0 50 100 150 200 250 3000
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
(jet 1) :
T
p
 LHC
 TeVatron
 (GeV/c)jet
T
p
0 50 100 150 200 250 3000
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
(jet 2) :
T
p
 LHC
 TeVatron
ﬁﬀﬂﬃCgX e=XNg

 
Xs8
6;? -
+5#&%m),2
:
%.-
B&/
23-
/

/
-

 /
),-
:
%.- ?
/
-
:
%7-?
/
- F
/<B
F
/
%
/<X /
%.),-
6

6
:
6 
/7:
),2#&%
/
)
:
6 

I
8
#&62
\
)=#&6-?
/
-

 /
),-q2
/
'
#&%7-
),2<6+1),-
f
 


n  ﬀﬃﬂ 
/
) ! #

!$

l
f;h
: i>:
6.'3k
/l 
?
/ 
G/
)
/t8
? 6-
i
2
:
% 
/
+
Xt8
6;? -
+5#&%
),2
:
%.-
B&/
23-
/
f
:
6 '
/
%7),2
/l0~/
)}?
/
-
/
'
#&% 

G/
) 
/8
? 6-
i
2
:
% 
/
+
Xs8
6;? -
+5#&%Y),2
:
%.-
B&/
23-
/
f;h
:
&2#&+ )
/l
A
y@P9=GEAHI<%J89K?bGkTE? m9K4%9K?4 9KE0Ł>$H'HI9KBDyA>xK?Y[70GF7 
27'<%4'vGF7;4]y@P9=HI7;4%4PE4]GJ8mO9K429K?4Y7'< ﬀ
n&zw s 
	ﬃﬂ 
X %M?
@%7'<2@P9KEF^$7'@P>zHI7;4m@!EJ8<%4MGF7w 9K?AGG>$?4M587;4MyA>@%<%JN7;4HI9K?4%>$HI@W[7'7;4c>$E\g>$?A>$58=4%7;4GF7UBU7;4%EF@%7UGF7D5Z> 4%7;HI<%J89K?
7  LH'>$HI70< = <'X
u"U/XUEV 
jGz{ﬃ TZe x5 {zeTZ

kjy
j>y@%9WGEHI<%J89K? G7'
"7'<%4LyA>@LJN?Q<27'@P>$HI<%J89K? 9$@%<27:7;4%<L587zy@%9WHI7;4%4%EA4UGF9KBDJN?>$?Q<D>$E 7"f><2@%9K?7'<L>$E
j M6XYj> bxKE@%7dgX e=XNg
`
BU9K?a<2@P7fo=EF7;5No=EF7;4DGJN>x$@!>$BDBU7;4LG7:y@%9WGEHI<%J89K?yO9K4%4PJ8mA587;4'Xj>427;HI<%J89K?7  U
H'>$HI7zGF7;4cy@%9WHI7;4%4%EA4cBcE58<%J 
"7'<%40@%7'y@W[7;427;?Q<27:o=E>$4%JNBU7;?Q<05Z>ﬀ<29$<%>$5NJN<Q[7:G7 5N>427;HI<%J89K?7  bH'>$HI7:JN?Y[7;5N>$42<%JNo=EF7
<29$<%>$587$vBU7;4%EF@W[7'7c>$E 7"f><2@%9K? u> 

ﬁ
Ky
=
y
M

a
H

J
}
HV
B0mkX
c
Eﬀj6v7;5Z587)GF7'^=@P>$J8<2h7'<2@%7c5![7'xWu7'@P7;BU7;?a<
4%EyS[7'@PJ87;EF@%7 >  

ﬁ
Ky
=
y
M
P g'$zBmXOj>427;HI<%J89K?7  LH'>$HI7LBcE58<%J 
"7'<%4MGJNBLJN?QE7>;^$7;HD5  [7;?7'@%xKJ87U<2@P>$?4%^$7'@P427
GF7;4
27'<%4S7'<S7;4%<]HI9K?A42<%>$?a<27)4PEF@\E?F75Z>@%x$7MyA5N>x$767;?byn427;EGF9 @P>ynJNGJ8<=[7rKNM 
 
C
M

g'
M
X
i
?kbA?pvQyO9KEF@SH!>$o=EF7

27'<)4%EFyyn5![7;BU7;?a<%>$JN@%7DG>$?45 ﬂ[7'^[7;?F7;BU7;?Q<'v 5Z>z427;HI<%J89K?7  LH'>$HI7b7;42<BcE58<%J8yn5NJ![7'7wyA>@E?	>$HI<27;EF@@P9=H!F7DGF7
K"g
O
 8	
M
v=9kuE[ 7;4%<]5N76?F9KB0m@%7MGF7MGJN>x$@P>$BLBU7;4]4%><%JN42	>$JN4%>$?Q<u>c5 ﬂ[7'<%><XbA?A>$5nHI9K?4PJNGY[7'@=[7$XFj>wHI9KBmnJN?>`
<29KJ8@P75NJ-[7'7M>$E?F9KBmA@%7GF7x$@P>yAF7;4]GF7y@%9WGEHI<%J89K?LyO9K4%4%J8mA5N7;47'<S5N7;4SH'>$5ZH'E5N4R>$4P429=H'J-[7;4\4%9K?a<]GF7;4S7&g=7;BDyA587;4
GF7	>$HI<27;EF@P4C5NJNBDJ8<%>$?Q<\5N>UHI9K??>$JZ4%4%>$?HI7G7;4\y@%9WHI7;4%4%E4lI]tcX
ﬁﬀﬂﬃAgX e=XNg
`

J
W
/<Xs8
?
/
- 
/i
2
:<8
k
/
- 
/8
2#&67'*),+5#&% 
/
-
8
2#G'
/
-3-
6-
X
6;? ),+

 /
),-
`
	

A
tM>$?40HI7'@%<%>$JN?40H'>$4'vJZ57;42<)yO9K4%4%JNmA587UGF7LHI9K?F9K?GF@P7LE? [7'^[7;?7;BU7;?a<UBcE58<%J 
27'<%4)GpTEA? [7'^[7;?F7;BU7;?Q<w<
=
<;X
eSa
9KEF< GpT>mO9$@PGpvE?
"7'< yO7;EF<ﬃh7'<2@P7\@%7;HI9K?42<2@PEAJ8<HI9KBLBU7\E?05N7'y<29K?wJN429K5-[7$X
i
?07BO7'<E?
"7'<'v$589$@P4PoQEpTJZ5a><2<27;JN?Q<
587GS[7'<27;HI<27;E@;v 7;4%<ky@PJN?AH'J8yA>$587;BU7;?Q<pHI9KBUyO9K4Q[7YGF7RmA>@%$9K?4p7'<GF7B*[7;429K?4\u>\^WJ87R589K?xKEF79KE42<%>mn587;4'v;7'<G7@%7I
5N><%JN^$7;BU7;?a<>$J8mn587JNBUyAE5Z4%J89K? K 
}

7"f `H
M
Xjk7;4yAJ89K?4O7'<5N7;40d`>9K?A4?F7;EF<2@P7;4p7'<H!>@%x[7;4 429K?a<GF9KBDJN?>$?Q<%4
G>$?A4E? 
"7'<c7'<0427GS[7;4%JN?Q<Iu7'x$@%7;?Q<w4%9KJ8<7;?yA>@%<%JNH'EA587;4[7;587;HI<2@%9KBL>xK?Y[7'<%JNoQE7;4<K

5K

 ; 
M


SVRH VTS
M
9KE 7;?B0E9K?4K

5K

7 ; L


 
RH 
 
TS
M
7'<

K 7 ; L
 a$e
HV	S
M(M
XSt67fyA5NE4'v587;4 
"7'<%4bGF7
4%> ^$7;EF@P4i5N9KEF@PGF7;4'vJZ4%4%E4]GF7)5 TA>$GF@%9K?JN4P><%J89K? 7'<C5N>w@P>xKBU7;?Q<%><%J89K?ﬀGF7;4CoQE>@d=4
P
7'< `vA4%9K?a<C4%9KEF^$7;?a<GF7;4

27'<%4427;BLJN587'y<29K?JZoQEF7;4rK

5Km ; 5
ﬁ
H
M
  g'
H
a
S
7'<
	
$K ; .
M
  a
H 
TS
M
X  >@wHI9K?4Q[7;oQE7;?a<'v E?F7
x$@P>$?AGF7@P>$HI<%J89K?GF7M5 ﬂ[7;?F7'@%xKJN7MGkTE? 
27'<]>$GF@%9K?JZoQEF77;42<Sy@=[7;427;?Q<27)429KE4]5N>0 9$@PBD7ﬀ[7;587;HI<2@P9KBD>xK?Y[7'<%JNo=EF77'<
BcEF9K?JNo=EF7$X
j>@%7;HI9K?A42<2@PEHI<%J89K?GF7;4#
27'<%4\>$GF@%9K?JZoQEF7;4R7;4%4%>$J87M>$EBDJ87;E\gLG7y@P7;?GF@%76HI7;4Y7BO7'<%4'vF9KE>$EBU9KJN?4SGF7M587;4
HI9KBUyO7;?4%7'@Y7'<iGF7M587;4]HI9$@%@PJNx$7'@;XAS7'yO7;?G>$?Q<'v=JN5nyO7;EF<]>@%@PJ8^$7'@]oQEkTE?F76x$@P>$?GF7MyA>@%<%JN76GF7M5 ﬂ[7;?F7'@%xKJN7MGAE 
27'<
427C@%7'<2@%9KEF^$7C4%9KE4E?F7C 9$@PBD7 [7;587;HI<2@%9KBD>xK?S[7'<%JNo=EF7yAF9$<29K?4R9KE[7;587;HI<2@%9K?A4 9KED4%9KE4R5N>M9$@PBU7GF7iB0E9K?4'X
 >@7&gW7;BUyA587$vOE?^Q@!>$J5N7'y<29K?;[7;5N7;HI<2@%9K?9KEBcEF9K?G>$?4ME?
"7'<yO7;EF<M>yyA>@!>Fh ﬀ8<2@%7wJN429K5-[7U4'TJN57;BUyO9$@%<27
E?7Sx$@!>$?GF7iyA>@P<%J87iGF7i5 ﬂ[7;?F7'@%xKJN7CGE 
27'<	a5 ﬂ[7;?F7'@%xKJN7i@%7;42<%>$?Q<27GE 
"7'<w[7'<%>$?Q<Y<2@P9$yD>$JNmA587]yO9KEF@@%7;HI9K?42<2@!EJ8@%7
9KEfJNGF7;?Q<%J9b7'@C587 
"7'<6>$GF@%9K?JZoQEF7$Xn]7'<C7BO7'<7;42<6@P>@%7 >n5N>UyA@%9$mA>mAJN5ZJ8<Q[7)yO9KEF@Co=EpTE?'
27'<429KJN<C@%7;HI9K?4%<2@PEJ8<
HI9KBDBD7E?z587'y<29K?ﬀJN429K5-[77;42<CG7)5 V9$@PGF@%7)G7 P g'


u>:g'

1
427;5N9K?:5  [7;?F7'@%xKJ877'<5N>U4%>;^$7;E@6GE	
27'<'X
j>@%7;HI9K?42<2@!EHI<%J89K?GpTEA?F7UJNBUyO9$@%<%>$?Q<27*[7;?F7'@%xKJ87U<2@P>$?A42^$7'@P427LBL>$?oQEA>$?a<27D?pV7;4%<'v


ﬂ q&	;q
vyA>$4yO9K4"
4%JNmA587UG>$?4)5N7;4[7'^[7;?F7;BD7;?a<%4UBcE58<%J 
27'<%4yAEAJN4%o=EpT>$EH'E??F7;EF<2@!JN?F9 [7;?F7'@%x[7'<%JNo=EF7 ?pV7;42<[7;BDJZ4'X S7'yO7;?GA>$?a<'v
yA5ZE4%J87;EF@!4 7B7'<%4]yO7;EF^$7;?Q<Y7;?x$7;?GF@%7'@]E?F7z[7;?7'@%xKJ87M<2@P>$?42^$7'@!4276BL>$?oQEA>$?a<27MJNBUyO9$@%<%>$?Q<27C7'<\>$JN?4PJAHI9K?Q<2@PJh
mAE7'@0u>DGY[7'x$@P>$GF7'@64%>w@=[7;429K5NEF<%JN9K?pX

9KEF<cGpT>mO9$@PGd5N7;4)7BO7'<%4wyAaW4%JNo=EF7;4)HI9KBLBU7 5N7;4GS[7;4%JN?Q<Q[7'x$@P><%J89K?4U4%7;BDJN587'y<29K?AJNoQE7;4)GF7;4 
"7'<%4cGF7
4%>;^$7;EF@!4\589KEF@PGF7;4S7'<\5-[7'xWu7'@%7;4'v587;4]GY[7;4%JN?Q<Q[7'x$@!><%J89K?4C5N7'y<29K?JNo=EF7;4SGF7;4\587'y<29K?4OvW7'<i5 ﬂ[7;?F7'@%xKJN76<2@!>$?4"
^$7'@P427?F9K??QEA5N587G7;4Yyn>@%<29K?4]G>$?4]587;4Sy@%9$<29K?A4	o=EF7;5No=EF7;4

7"fYyO7;EF^$7;?a<S7;?Fx$7;?G@%7'@\E?GY[7"bAH'J8<
7;?[7;?F7'@%xKJ87GA>$?4i587yA5Z>$?<2@P>$?42^$7'@P4%7>

jk7;4m@!EJ8<%4G>$?4587DGY[7'<27;HI<27;EF@U429K?Q<>$E4%4%JEA?F7DH'>$E427by9K4P4%J8mA587$vOB h7;BU7 4%JGF7;4yA@=[7;H'>$EF<%J89K?40589$@P4
GE<2@P>$J8<27;BU7;?Q<CGF7;4CGF9K??S[7'7;4C4%9K?a<iyA@PJN427;4]yO9KEF@ [7'^WJ8<27'@Gp9h7'<2@%7c427;?4%JNmA587Du>DHI7;4i7BO7'<%4

j>w@%7;HI9K?4%<2@PEHI<%J89K?7'<i5 TJZGF7;?a<%J)bAH'><%J89K?GF7;4]9$m<
27'<%4iGF7)5 ﬂ[7'^[7;?F7;BU7;?Q<CyO7;EF^$7;?Q<\7;?Fx$7;?GF@%7'@iG7;4iBU9
GJ9bAH'><%J89K?A44%EF@5 ﬂ[7;?F7'@PxKJ87D<2@P>$?4%^$7'@P427LBD>$?AoQE>$?Q<27$XjR [7;?7'@%xKJ87bGAE 
"7'<0?pV7;42<[7'xK>$587 ?JCu>ﬀ5  [7;?7'@%xKJ87
GY[7'y9K4=[7'7G>$?4587iH'>$589$@!JNBu7'<2@%7$vK?Ju>5 ﬂ[7;?F7'@PxKJ87iGEwyA>@%<29K?UJZ?J8<%JN>$5 X

J87;?Uo=EF7\GF7;4HI9$@%@%7;HI<%JN9K?4429KJ87;?Q<
>yyA5NJNo=ES[7'7;4MyO9KEF@)>$B*[7;5NJ89$@P7'@5N>zH'>$5NJ8mA@P><%J89K?GF7;4 
27'<%4)7'<5N7;4M@=[7;429K5NEF<%J89K?A47;? [7;?F7'@%xKJN7U7'<)7;?yO9K4%Jh
<%J89K?pvJN5@%7;42<27<29KE 
"9KE@P4iGF7;4\7BO7'<%4i@W[7;4PJNGEF7;5N4\o=EJpHI9K?Q<2@PJ8mAE7;?a<0u>*[7;5N>@PxKJ8@C5N>w@W[7;429K5ZEF<%J89K?z7;? [7;?7'@%xKJ87
<2@P>$?42^$7'@P4%7)BD>$?o=E>$?a<27

i
?kbA?kvW5  [7;?7'@%xKJ87)<2@P>$?A42^$7'@P427BL>$?oQEA>$?a<27yO7;EF<2h7'<2@%77;?Fx$7;?GF@W[7'7c4%Jp587 
27'<i7;42<i@P7;HI9K?42<2@PEJN<]HI9KBLBU7
587'y<29K?pXj7;4 
"7'<%4>$GF@%9K?AJNoQE7;4u>D 9$@%<270GF9KBDJN?>$?AHI7f[7;5N7;HI<2@%9KBD>xK?S[7'<%JNo=EF7wGY[7'y9K4%7;?a<iyO7;EzGpﬂ[7;?F7'@PxKJ87
G>$?4587iH'>$589$@!JNBu7'<2@%7C>$G@%9K?JNo=EF7$X

5Z4429K?a<Y>$589$@P4JNG7;?a<%J9b][7;4RHI9KBDBU7[7;587;HI<2@%9K?A4'vK7'<R5 ﬂ[7;?F7'@PxKJ87CGE 
27'<
JN?J8<%JN>$5W7;4%<]>$5N9$@P4Y4%9KE4"`[7'^`>$5ZEY[7'7$Xt7MB h7;BU7$vF587;4SB0E9K?4YGA>$?4Y5N7;4 
27'<%4]GF764P>;^$7;EF@P4]589KE@PGF7;4yO7;EF^$7;?Q<
7;BUyO9$@%<27'@E?F7Rx$@!>$?GF7S @P>$HI<%JN9K?UGF7S5  [7;?7'@%xKJ87\GE 
"7'<'v7'<HI7\GF7'@P?J87'@ ?F7]427'@P>6yA>$4@%7;HI9K?4%<2@PEJ8<'XtM>$?4
HI7bH'>$4'v5  [7;?F7'@%xKJ87 GE 
27'<0JN?JN<%JN>$5JNGF7;?Q<%J9b][7LHI9KBDBD7bBcEF9K?7;42<c429KE4"[7'^>$5NES[7'7$XRS7;4G7;E\g7BO7'<%4w427
@=[7'y7'@!H'EF<27;?a<\HI9KBDBD7)E?b>$H'HI@P9KJN4%427;BU7;?Q<iGF75 ﬂ[7;?F7'@%xKJN76<2@!>$?42^$7'@P427BD>$?AoQE>$?Q<27$vFGF9K?Q<]5Z>0GJN@%7;HI<%J89K?
>U>$589$@P4\<27;?GA>$?HI7 u>D4'T>$5ZJ8xK?F7'@\7;?:GJN@%7;HI<%J89K?zGE'
27'<i@%7;HI9K?A42<2@PEJ8<\HI9KBDBD7587'y<29K?pX
e 
i?kbA?pvW5 TJNG7;?a<%J9bnH'><%J89K?bG7 
"7'<%4\GF7)4P>;^$7;EF@P4C589KEF@PGF7;4]G>$?A4\587;4L[7'^[7;?F7;BU7;?Q<%46B0E5N<%J 
"7'<%4S7;42<iGAEF7429KJ8<0u>
5N>Dy@=[7;427;?HI7cGpTE?z^=@P>$Jko=E>@ﬂd
P
9KE G>$?4C5N7)y@%9WHI7;4%4%E4 	E?
27'<4%E@CBDJN5N5N767;?Q^WJ8@%9K?!vA4%9KJ8<cu>LG7;4i7BO7'<%4
y@P9$mA>mAJN5NJZ42<27;4 G>$?4R5Z><29$yO9K589$xKJ87CGE 
"7'<Y7'<YGF7;4R7B7'<%4SGF7i@P7;HI9K?42<2@PEHI<%JN9K?bo=EJF9K?Q<YHI9K?GAEJ8<5 T>$58x$9$@!J8<%BU7
u>*[7'<%JNo=EF7'<27'@6587 
"7'<
	E?	
"7'<BD>$5[7'<%JNo=EF7'<Q[7c4%E@)g'

u>:g'

!X
9KE4HI7;4R7B7'<%4 @%7;HI9K?42<2@PEAHI<%J89K?DGpTE?
27'<RHI9KBDBU7iEA?U587'y<29K?pv$@%7;HI9K?A42<2@PEHI<%J89K?UGkTE?F7b[7;?F7'@%xKJ87\<2@!>$?4"
^$7'@P4%7MBL>$?oQEA>$?a<27JNBUyO9$@%<%>$?Q<27$vFBD>$EF^>$JN427JNGF7;?Q<%J9bAH'><%JN9K?bGF7 
27'<%4
P
S429K?a<]@P>@P7;4\JN?GJ8^WJNGE7;5N587;BU7;?Q<'XQS7I
yO7;?G>$?Q<'v=7;?@P>$JN429K?zGF75N>cx$@P>$?AGF7427;HI<%J89K?z7  LH'>$HI70GF7HI7y@%9WHI7;4%4%E4SyA>@\@P>yAy9$@P<u>UHI7;5N5N7MGAE 4PJ8xK?>$5< = <;v
JN5Z4Y9K?Q<CGF7)HI7;4iyA@%9=HI7;4P4%E4iBcE58<%J 
27'<%4\E?zGF7;4im@PEJ8<%4\G7 9K?Gz5N7;4\yA5NE4\JZBUyO9$@%<%>$?a<%4;X
u"U/XU 
jGz{ﬃ TZe x   {ﬃx # yA x ~ .  y

kjy
tM>$?4587;4iHI9K5N5ZJN4%J89K??7;EF@P4]>$GF@%9K?AJNoQE7;4'vF587;4imO9K429K?4 4 4%9K?a<y@%9WGEJ8<%4Sy@PJZ?H'J8yA>$587;BD7;?a<]yA>@C>$?A?JNJh
5N><%JN9K?Uo
=
o
2
vaHI9KBDBU7C5 TJN5N5NE4%<2@%7Y5N>2bxKEF@%7)gX e=XNgNa=XWjk7;4Rm9K4%9K?4 4 429K?Q<R>$JN?4%JWyA@%9=GAEJ8<%4 >;^$7;H6E?F7iJNBDyAE5N4%JN9K?
<2@P>$?A42^$7'@P427)?=E5N587$X
ﬁﬀﬂﬃgX e=XNgNa
 ﬁ_2
:<8
k
/
- 
/_8
2#&67'*),+5#&% 
p
6% 4
#&-<#&%
/
%
:
-
-<#G'*+
:
),+5#V%
:VB&/
' 
8;:
23)=#&%
f;h
:i>:
67'3k
/l0
P
8;:
2<)=#V%
f
:
6'
/
%.),2
/l0
/
)
8;:
23)=#&%.-
f;h
:
&2#&+ )
/l
A
j>U@P>$GJZ><%J89K?ﬀGpTEA?zxK5NEF9K?ﬀ9KEﬀGpTE?ﬀoQE>@dGA>$?4C5 ﬂ[7'<%><JN?JN<%JN>$5OHI9K?GEJ8<>$E\g:GJN>x$@P>$BDBD7;4cu>L5 V9$@PGF@%7
4%EyS[7'@PJ87;EF@67;? 8  >pl g
27'<'Xkjk7wmO9K429K?ﬂ4 >$H'oQEJN7'@%<>$589$@P4ME?F7UJNBUynE5N4%J89K?:<2@P>$?42^$7'@P4%7D?F9K??QE5Z587$X

5
7;42<JN?Q<Q[7'@%7;4%4%>$?Q<GF7U?F9$<27'@)o=EF7U5N> y@%9WGEHI<%JN9K?fGpTEA? 4 >$H'HI9KBUyA>xK?S[7 GpTE?oQEA>@ﬂd 07;42<yO9K4%4%J8mn5870> ^$7;H
587;4CyA>@%<29K?4MJN?AJ8<%JN>$E\g	
 cyA>@67&g=7;BUyn587$vnBD>$JZ4o=EF705Z>Dy@%9WGEHI<%JN9K?ﬀGF7 47;4%<9$@%<27;BU7;?Q<@W[7;GAEJ8<27
yAEAJN4%o=EpV7;5N587C?S[7;HI7;4P4%J8<27E?o=E>@ﬂd
# ?
G>$?4\5  [7'<%><JN?J8<%JN>$5 XQt67yA5NE4;v=5 ﬂ[7'<%><CJZ?J8<%JN>$5CHI9K?GAEJ8<)u>U5  [7'<%><

?A>$5 4 
#@?
>5N>y@%9WGEHI<%J89K?GF7 ﬀ
n&z(
s

	ﬃﬂ 
G>$?4D587zH'>$?>$5 4 
#
7;42<LE?yA@%9=HI7;4P4%E4UGF7z< QyO7
l6
27'<%4'vABD>$JN4CJN57;42<i<2@P>$J8<=[7zu>UyA>@%<0u>DH'>$EA427GF7;4\yn>@%<%JNH'E5N>@!J8<Q[7;4\GE:o=E>@
# ?
X

5 V9$@!GF@%74%EyS[7'@PJ87;EF@i7;? 82:'vA9K?fGY[7;?F9KB0m@%7wE?F7GJ;>$JN?F7)GF7GAJN>x$@P>$BDBU7;4yO9K4%4%J8mn587;4'XFjk7;46HI9KBUyO9K4%Jh
<%J89K?A4]7;?:4%>;^$7;E@P4iGF7;4\yn>@%<29K?4iGF7)5  [7'<%><

?>$5[7'^$9K5NEF7;?Q<i7;?z9K?HI<%J89K?ﬀGF75 V9$@PGF@%7)GAE H'>$5ZH'E5 Xjk7<%>mn587;>$E
BU9K?Q<2@%7yA>@Y7ﬁﬀW7;BUyA5N7o=EF75N>y@%9$yO9$@%<%J89K?bGF7;4S4%>;^$7;EF@!4S5N9KEF@PGF7;4YG>$?4R5N7;4D[7'^[7;?F7;BU7;?Q<%4\GF7< QyO7lﬂ
27'<%4
>$EFxKBD7;?a<27)7;?ﬀ 9K?AHI<%J89K?:GF7)5N>UBcE58<%JNyA5NJNH'J8<=[7M7;?'
27'<%4'XﬃY5N587;4\429K?Q<iy@%9WGEJN<27;4]7;?zyA>$J8@%7;4\H
=
H9KEzm
=
mu>Uyn>@%<%J8@
GpTEA?xK5NEF9K?pXj7L?F9KB0m@%7LG7LGJN>x$@P>$BLBU7;4yO9K4%4%J8mn587;4HI@%9  ﬀ8<)<2@;u7;40@P>yAJZGF7;BU7;?Q<)7;?9K?HI<%J89K?GAE?F9KB0m@%7
GF7yA>@P<29K?4UG>$?4U5 ﬂ[7'<%><

?>$5 v HI7:oQEAJY@P7;?G GJ  LH'JZ587b587;4UH'>$5ZH'E5N4UGF7z427;HI<%J89K?A4U7  LH'>$HI7;4'XRt67:yn5NE4'v 587;4

27'<%4wy@%9WGEJ8<%4c>;^$7;Hﬀ587m9K4%9K? 4 429K?Q<Uy@PJN?AH'J8yA>$587;BU7;?Q<JN4P4%E4wGF7m@%7;BD4P42<2@P>$5NEA?FxﬀGF7"!)]tcvo=EJY7;42<
H'>@P>$HI<=[7'@PJZ4Q[70yA>@GF7;4iGJ8^$7'@Px$7;?HI7;4CJN? @P>` @P9KEFx$7;4]7'<CHI9K5NJN?S[7;>$JN@%7;4'X
j7;4L427;HI<%JN9K?4D7  LH'>$HI7;4 GF7;4Ly@%9WHI7;4%4%E4Ul#%$ g'
"7'< >$E 7'&><2@%9K? 429K?a<bGF9K??S[7'7;4u>5 V9$@PGF@P7  
G>$?A4587D<%>mn587;>$EgX e=X jk7;40 9K?AHI<%J89K?4G7bGF7;?4PJ8<Q[7LyA>@%<29K?AJNoQE7;4)EF<%JN5NJZ4Q[7'7;4429K?Q<)( 	*,+.-FXj7;40HI9KEFynEF@%7;4
e0/
yA>@P<29K?JNo=EF7;4C4%E@587;4CyA>@%<29K?4

?>$E ﬀ:429K?Q<MGF7y
F

CED



/

7'& `Hv M 
F

CED

M
 
e
H
> ^$7;HUE?F7GJZ42<%>$?HI7
7;?Q<2@%7wyA>@%<29K?4M4%EyS[7'@PJ87;EF@%7:u> 


HV
Xkjk7U587'y<29K?x[7;?S[7'@W[7JN4%4%EGE 4 GF9KJ8<4%><%JZ42>$JN@%7 M ﬂﬁ M
 
g'WX

E
j M6vHI7;40427;HI<%JN9K?4)7	LH'>$HI7;4w429K?Q<7;?Q<2@%7 GJ ﬀ7'<^WJN?Fx$<9KJN4)yA5ZE4Mx$@P>$?GF7;4 Ehg

G
X >@c7ﬁﬀ=7;BDyA587$v5N>ﬀ427;H-
<%J89K?)7	LH'>$HI7 yy ; l 

yA>@P<29K?4
)

 l ; 5 EF<%JN5ZJN4Q[7'7RG>$?45 T>$?>$58W427u>

ij

7;42<GF7
}


CymkX

sﬃAgX e

 

ﬂ 

    d   ﬂ  	;   
4 
/Q
#  j
ﬀ T   ﬁ	 	 	 

    ﬂ  	ﬀ 	

 A

  	
&
O
 	 	 

  w	 ﬂ

7ﬂ ﬃ
 
  	   ﬃ K	  ﬂ

! 
-#"ﬂ %$


 F ﬂ	}] ﬂ
ﬂ

  &

ﬂ ﬂ	   
(

 ('


'
 
 
 
	   4 ; .
 g'
H

0/
S
&()
   T`   *=   	+ Bﬁ  T	(F 

,	   !, -

 . t        	

/ 
&



   ﬂ  	 .   &	
   
 

ﬂ  	ﬀ 	@ 0

ﬀ 


 
	  	

  	

/ﬂ ,	ﬀ     1 	 ﬂ

 ﬂ   2  V	
 
ﬂ_  ﬂ

   	     1 ;	 	 

 3 
&	  \	  V	
   
  ( 1 
#'
 
&
l UgyA>@%<29K? l#
}
yA>@%<29K?A4 l#ewyA>@%<29K?A4 l 

yA>@%<29K?4 l 

yA>@%<29K?4
y@%9WHI7;4%4%EA4  ym  y@%9WHI7;4%4%EA4  ym  y@%9WHI7;4%4%E4  yAm  y@%9WHI7;4%4%E4  yAm  y@%9WHI7;4%4%E4  ym 
l=
 g
$ l=
 


g  l?
3
3
 g
$e l?
3
3
 

 

X

l H

gX / l H 

}
/=X
 l H 
3
 g


X

l H 
3
3
 e=XNg

l m
=
m


X /

lm
=
m54

X
}

lm
=
m64ﬂ

}
X e+
 lm
=
m74ﬂ
3
 WX


e


l H
=
H
}

X e l H
=
H84 g
}
X

l H
=
H4ﬂ


X /$e l H
=
Hﬂ4B
 

}
X e+

j7;4z[7'^[7;?F7;BU7;?Q<%4 4
/a
#
 cyA@=[7;427;?a<27;?Q<M5N>L4%JNxK?><%EF@%7)@P7;HPF7'@PH!Y[7'7 >nE?f587'y<29K?Ł[7;?7'@%x[7'<%JNoQE707'<ME?F7
JNBDy9$@P<%>$?a<27[7;?7'@%xKJ87w<2@P>$?42^$7'@!427cBL>$?oQEA>$?a<27wGEF7c>$E?7;EF<2@PJN?F9FvnyA5NE4PJ87;EF@P4 
27'<%4MGF9K?a<MHI7'@%<%>$JN?A464%9K?a<MGF7
x$@P>$?AGF7ﬀ[7;?7'@%xKJ87<2@P>$?4%^$7'@P4277'<iHI7;?Q<2@P>$E ﬀ7'<'vG>$?4]E?F7BU9KJN?AGF@%7MBU7;4%EF@%7$vFGF7;4 
27'<%4\GF74%> ^$7;EF@P4i589KE@PGF7;4'X
ﬃY?ﬀ<27;?>$?Q<MHI9KBUy<27UGF7;47B7'<%4GF7c@%7;HI9K?4%<2@PEHI<%J89K?pvGF7;4 
"7'<%4MGF7w4%> ^$7;EF@5![7'xWu7'@P7Uy7;E^$7;?a< 7'<2@%7d[7'<%JNoQE7'<Q[7;4
 vF@%7'y@P9=GEAJN4%>$?Q<S>$JN?A4%Jp587;4iH'>@P>$HI<=[7'@PJZ42<%JNo=EF7;4i<29$yO9K589$xKJNo=EF7;4iG7;4 [7'^[7;?F7;BD7;?a<%46<(= <'X
9"U/XUNq (:<;>=@?BADC
Z
;FEG=

?BE

;FH8;FEJILK#M
ON
QP
AR=
P
H

P
C<H
j>y@%9WGEHI<%J89K?Gpﬂ[7'^[7;?7;BU7;?a<%4wGF7w< QyO7A0@


/Q
#
 DyO7;EF<)7'<2@%7LGS[7;HI@!J8<27LHI9KBDBU7DEA?F7wy@%9WGEHI<%J89K?
Gpﬂ[7'^[7;?F7;BU7;?Q<%4iB0EA58<%J 
27'<%4YGF9K?Q<YEA?bo=E>@[7;BU7'<\E?LmO9K429K? 0@$X=j7;4Y427;HI<%JN9K?4S7	LH'>$HI7;4\GF76y@%9WGEHI<%J89K?
429K?Q<CJN?;[7'@PJ87;E@%7;4]GpTE?	>$HI<27;EF@GJ ﬀb7;?Q^=J8@P9K?pvFyA>@i@P>yAy9$@P<)u>LHI7;5N587;4iGF7;4 [7'^[7;?F7;BU7;?Q<%44
/a
#
 aX
S7;4 y@P9=HI7;4%4PE4'v]HI9K?a<2@P>$JN@%7;BU7;?Q<>$Eﬀ9K?G4B0EA58<%J 
27'<%4'vY429K?Q<:H'>@P>$HI<=[7'@PJN4=[7;4ﬀyA>@z5N>*y@W[7;427;?HI7GF7GF7;Eﬀ
587'yA<29K?4[7;?F7'@%x[7'<%JNo=EF7;4 7'<LJN429K5-[7;4b>;^$7;HE? @P>yAy9$@P<DGpV7;BmA@P>$?HP7;BU7;?a<bGF7

  9
;
5
=
5 

e
HV	S
EVe
G
X
S7'yO7;?GA>$?a<'vAEA?:587'y<29K?ﬀy7;E<[7;HP>yAy7'@Du>L5 T>$H'HI7'y<%>$?HI7wGEﬀGS[7'<27;HI<27;EF@M9KE42704PEFyO7'@%yO9K427'@0u>LE? 
"7'<6>`
GF@P9K?JNo=EF7$X
j7;4YyA@%9=HI7;4P4%E4 9  
27'<%4\HI9KBDBU7)BcE58<%J 
27'<%4'vW?pV9K?Q<Syn>$4SG7M4%9KEF@PHI7Gp [7;?F7'@%xKJ87M<2@P>$?A42^$7'@P427)BD>$?AoQE>$?Q<27
JNBDy9$@P<%>$?a<27$X

[7;>$?BU9KJN?A4Y7;5Z587iyO7;EF< 7'<2@%767;?Fx$7;?G@=[7'7yA>@]GF7;4Y7B7'<%4SyAQW4%JNo=EF7;49KE GF7;4R7BO7'<%4]GF7C@P7;HI9K?4"
<2@PEAHI<%J89K?pvGS[7'<%>$JN5N5-[7;4G>$?4\5N>wyn>@%<%J87DgX e=X
}
X
ﬃY?

?pv;>$EcB 7;BU7S<%J8<2@%7Yo=EF7R5N7;4[7'^[7;?7;BU7;?a<%4 !]t 9KE0l  
"7'<%4'v587;4M[7'^[7;?F7;BU7;?Q<%4 9"  
"7'<%4HI9K?Q<%J87;??F7;?Q<
GF7;4ﬀ
"7'<%4MGF7c4%>;^$7;E@P45N9KEF@PGF7;49KE )G>$?4C>yAy@%9 ﬀFJNBD><%JN^$7;BU7;?a<M587;4B 7;BU7;46y@%9$yO9$@%<%J89K?4CoQEF7cG>$?46587;4
[7'^[7;?7;BU7;?a<%4)l 
27'<%4'XOS7'yO7;?GA>$?a<'v587;4ﬀ
27'<%465![7'x$7'@P46y7;E^$7;?a<6>$E4%4%J 7'<2@%7d[7'<%JZoQEF7'<=[7;4HI9KBDBD7cGF7;4ﬀ
"7'<%4  X
ﬃY?yA>@%<%JNH'EA5NJ87'@;vp587;40B[7'<%F9=G7;40Gpﬂ[7'<%JNo=EF7'<%>x$7zo=EJHI9K?4%JZ42<27;?a<zu>z@%7;H!F7'@PHP7'@wG7;4587'y<29K?A4)G>$?40587;4 
27'<%4
429K?Q<427;?4%JNmA587;4cu>zHI7;4MmA@PEJ8<%46GF7c 9K?G >p587;46@%7;HI9KEF^=@%7;BU7;?Q<%4GpTE?587'yA<29K?fyA@%9 ^$7;?>$?Q<)GEﬂ0 7'<GpTEA?
27'<
429K?Q<U5N>fy@PJN?H'JNyA>$587DH'>$E427zGpﬂ[7'<%JNo=EF7'<%>x$7ﬀG7;4 
27'<%4wG>$?4w587;4[7'^[7;?F7;BD7;?a<%4 9

=
27'<%4'X

JN?4%J v7;?*y@%7I
?>$?Q<\7;?:HI9KBUyA<27587;4\BD>$EF^>$JN427;4\JZGF7;?a<%J

H'><%J89K?4\GF7 
27'<%4  v587;4 [7'^[7;?F7;BU7;?Q<%4-9C, 
"7'<%4CyO9K4%4Iu7;GF7;?Q<C587;4
H'>@P>$HI<=[7'@PJZ42<%JNo=EF7;4i<29$yO9K589$xKJNo=EF7;4iG7;4b[7'^[7;?F7;BU7;?Q<%46<(= <;X
e


9"U/XU  (:<;>=@?BADC
Z
;FEG=
P\[
N
Z
:
P
H =
P 
;QH;QE@H
FP
ADC
P
? : H N
FP
A =
P
H

P
C<H
j>LyA@%9=GAEHI<%J89K?ﬀGk [7'^[7;?F7;BU7;?Q<%4)GJ8mO9K429K?A4il l vOl 99KEﬂ9 9>$H'HI9KBUyA>xK?S[7;40GF7 
27'<%467;42<
E? 9K?AGu>65  [7'<%EGF7]GF7  < = < !X`j7;4x$@P>yAF7;4GF7
A
7'=?ABD>$??cGEyA@%9=HI7;4P4%E4o
=
o ; l
+
l

429K?Q<@P7'y@=[7;427;?Q<Q[7;4
4%E@i5N>

xKEF@P7LgX e=XNg QXj7;4C427;HI<%JN9K?4i7	LH'>$HI7;4   GF7;4Cy@%9WHI7;4%4%E4ill 4%9K?a<CG75 V9$@PGF@P7)GF7AE
}

G
g;eDym
 

ym C>$E7'&><2@%9K? 	>$Ej i7'<6G7co=E><2@%7:u>b4%7'y<9KJN4yA5NE4CyO7'<%J8<27;4CyO9KEF@6587;4y@%9WHI7;4%4%E4l 9C
7'< 9C  9  X
ﬁﬀﬂﬃkgX e=XNg 
 ﬁ_2
:<8
k
/
- 
/
!
/
V%
X:
%
8
#&62M?
:~8
2# 
&67'*),+5#&% 
/q8;:
+12
/
- 
/
4
#&-<#&%.- 

:
6
8
2
/<X
+
/
2 #&2 &2
/
/
%>A

JpEA?:GF7;4\mO9K429K?4C427GS[7;4%JN?Q<Iu7'x$@%7w>$GF@%9K?JZoQEF7;BD7;?a<'vF9K?ﬀ9$m<%J87;?Q<C587;4 [7'<%><%4MJN?Q<27'@PB[7;GJN>$J8@P7;4\l 6
"7'<%4C9KE
9 6
27'<%4CGS[7'<%>$JZ5N5![7;4CH'Jh/G7;4%4%E4'X
ﬃ "!#$ﬃ  ﬃ  
5
4
( 0
&# (
	
.
& &
+65 +
2#4
.
ﬃ 7
0
 ﬁ
j7;4B*[7;H'>$?JZ4%BU7;4G7y@%9WGEHI<%J89K?M7'<587;44%JNxK?><%EF@%7;4kG7;4p<2@%9KJN4H'>$?>$E ﬀ)GF79ﬀ

z(


	ﬃﬂ 
9K?Q<M[7'<Q[7]GS[7;HI@!J8<%4
>$EFyn>@P>;^>$?a< yA>@P<%J87bgX
}
X e !Xj7;4MH'>@P>$HI<Q[7'@PJN42<%JNo=EF7;4M<29$yO9K589$xKJNo=EF7;46GF7wHI7;4ﬀ[7'^[7;?F7;BU7;?Q<%4)429K?Q<My@%9WHPF7;46GF7
HI7;5N5N7;4\GF7;4[7'^[7;?7;BU7;?a<%46<
=
<;X
j7;4[7'^[7;?F7;BD7;?a<%4 ﬀ

E$(


	ﬃﬂ<
G>$?A4U5N>^$9KJ87
#
9K?a<DyA@PJN?H'J8yn>$587;BU7;?Q<cG>$?A4U5  [7'<%><

?>$5\EA? oQE>@
<29$y7'<)GF7;EﬀfoQEA>@=4G9K?a<E? 0429KEF^$7;?Q<f[7;BLJN4Lu>x$@P>$?GF7wyA4%7;EGF9 @P>yAJZGJ8<Q[7 NM 

M

}
H
!X

5N469K?a<MyO9KEF@
4%JNxK?><%EF@%7b7ﬁﬀ=y][7'@PJZBU7;?a<%>$5N7 E?*587'y<29K? [7;?F7'@%x[7'<%JNo=EF7$vE?F7 JNBUyO9$@%<%>$?Q<27[7;?F7'@PxKJ87b<2@!>$?42^$7'@P427zBD>$?AoQE>$?Q<27
y@P9 ^$7;?>$?Q<GE?F7;E<2@PJN?F9FvpE? 
27'<
0y@%9 ^$7;?A>$?a<GAEoQE>@
#@?
7'<)GF7;E ﬀ 
"7'<%4[7;?F7'@%x[7'<%JNo=EF7;4GF9K?Q<E? 
27'<
LoQEJS?F7 yO7;EF<0yn>$4	7'<2@%7 [7'<%JNo=EF7'<=[7ﬀ4'TJZ5R7;42<w@%7;HI9K?A42<2@PEJ8<07;? GF7;F9$@P4cGF75 T>$H'HI7'y<%>$?HI7fGEGS[7'<27;HI<27;E@LGF7
<2@P>$HI7;4;XAjk7;4 [7'^[7;?F7;BU7;?Q<%4 ﬀ

z(


	ﬃﬂ 
G>$?4\5N>w^$9KJN7)l <\@P7;4%427;B0mA587;?Q<0u>DGF7;4 [7'^[7;?7;BU7;?a<%4<
=
<;XjR [7'<%><
JN?Q<27'@PB*[7;GJZ>$J8@%7c7;42<HI9K?42<%J8<%ES[7DGpTEA?fmO9K429K?ﬂ4 587'y<29K?JZoQEF7$vGpTE?mO9K429K?ﬂ4 A>$GF@%9K?JNo=EF707'<)GpTE?
"7'<
 X
ﬃY?

?pv`5N>CyA@%9=GAEHI<%J89K?G7 ﬀ

z(


	 ﬂ 
G>$?A45N>^$9KJ87i \HI9K?GAEJ8<iu>65Z>4%JNxK?><%EF@%7S7ﬁﬀ=y][7'@!JNBU7;?Q<%>$587\4%EJ8^>$?a<27 >
E?w587'yA<29K?d[7;?7'@%x[7'<%JNoQE7$vaE?F7\JNBUyO9$@%<%>$?Q<27L[7;?F7'@%xKJ87\<2@P>$?A42^$7'@P427iBD>$?AoQE>$?Q<27]7'<GF7;E ﬀ
"7'<%4  X

5Q7;4%<u>?F9$<27'@
o=EF7587;4]@P>$GJZ><%J89K?4]GF7MxK5NEF9K?4]G>$?A4\587;4b[7'<%><%4CJN?AJ8<%JN>$5n7'<

?>$5yO7;EF^$7;?a<]y@P9=GEAJ8@%7G7;4 
"7'<%4 [7;?F7'@Px[7'<%JZoQEF7;4
4%EyyA5-[7;BU7;?Q<%>$J8@%7;47'<M7;?Fx$7;?GF@%7'@M5N>by@%9WGEHI<%J89K?fGp [7'^[7;?F7;BD7;?a<%4 ﬀ

zw


	ﬃﬂ 
yA5ZE4iy@P9=H!F7;4C7;?AHI9$@%7UGF7;4
H'>@P>$HI<=[7'@PJZ42<%JNo=EF7;4i<29$yO9K589$xKJNo=EF7;4iG7;4b[7'^[7;?F7;BU7;?Q<%46<(= <;X


  	
 
  
 

  ﬀ ﬁ

ﬃﬂ

   ﬁ
!#"!
ﬀ $% ﬁ &   'ﬀ ( ($ ﬀ &*) ﬀ & + ﬃﬁ
ﬀ  ,  ﬁ
tM>$?40HI7'<2<27byn>@%<%J87$v?F9KEA4)?F9KE4yA5N>=HI9K?4)GA>$?4)E?F7L7ﬁﬀ=<27;?4PJ89K?yO9K4%4%JNmA587wGE.-ﬀ9=Gpu7;587

<%>$?G>@!Gpvp7'<
>$5N5N9K?4\GY[7;HI@PJ8@%7)o=EF7;5No=EF7;4\>$42yO7;HI<%4GF7)5N>wyAS[7;?F9KB*[7;?9K589$xKJ870GAEzoQE>@b<29$ykX
tM>$?4ﬀ587.-:9WGpu7;587

<%>$?G>@PGkv]5Z> m@PJN4PEF@%7GF75N> 42WB[7'<2@PJ87 [7;5N7;HI<2@%9$>$JNmA587JN?Q<2@%9WGEJ8<E? 427;EA5GF9KEW
mA5N7'<6GF7cmO9K429K?4MGF7JNx$xK4'XS7'yO7;?G>$?Q<'v587U?F9KB0m@%7wGF7wGF9KEFmA5N7'<6GF76J8x$xK4?pV7;42<HI9K?Q<2@P>$JN?Q<yA>@>$EH'E?
y@!JN?H'J8yO7w 9K?AG>$BU7;?Q<%>$5Y9KE*>$EH'E?7L9$mA427'@P^`>mA5N7$X6V7;4%<0yO9KEF@Po=EF9KJ?9KE40H!F9KJN4%JZ4%429K?40GF7 HI9K?A4%JNGS[7'@%7'@wJNH'J
E?77ﬁﬀW<27;?4%J89K?GE/-ﬀ9=Gpu7;587

<%>$?AG>@PG>;^$7;HUGF7;E ﬀGF9KEFmA587'<%46GF7JNx$xK4'XS7UHP>yAJN<2@%7cGS[7;HI@!J8<M7;?o=EF9KJ5N>
yAS[7;?9KB[7;?F9K589$xKJ87G7;4 [7'^[7;?F7;BD7;?a<%46<10 <i7;42<GJC[7'@P7;?a<27G7)HI7;5N587)GE2-ﬀ9=Gpu7;5N7

<%>$?G>@!GpX
ﬁ ﬀ, ﬃ 
687 6
-) 0 )"+N!- #&%  !$# 4
6
:
6
Y5NE4%JN7;EF@P4iBU9WGpu7;587;4Du>GF7;E ﬀ GF9KEmA587'<%46GF7'6J8x$xK4M7ﬁﬀFJN42<27;?Q<7'<JN5Z4429K?Q<MH'5N>$4%4=[7;47;?9K?HI<%J89K?GF7c5N7;EF@P4
HI9KEFyn5N>x$7;4>$E ﬀ07'@PBDJN9K?4 GE3-:9WGOu7;587

<%>$?GA>@PGpXjk7;4BU9WGOu7;587;4GF7]< QyO7

@%7;4P427;Bmn587;?a<>$E4-ﬀ9=Gpu7;5N7

<%>$?W
G>@!G >E?4%7;E5GF9KEFmn587'<427'@%<u>:x[7;?Y[7'@%7'@U587;4BL>$4%427;4G7D<29KEF<27;4c587;4)yA>@P<%JNH'E587;4'XktM>$?40587;4BD9=Gpu7;587;40GF7
< QyO7
 
vE?:G9KEFmA587'<\9KEF@P?JN<]5N7;4CBD>$4%4%7;4CGF7;4CyA>@%<%JNH'E5N7;4\GF7)</=yO7 ﬀ
 ﬂ 
<%>$?GJZ4ioQE7)5 T>$EF<2@%7)9KEF@P?AJ8<i587;4
BD>$4P427;4CGF7;4CyA>@%<%JNH'EA587;4\GF7)< QyO7 ﬀ
w	65 
XO]7BU9WGOu7;587)7;42<64%JNBDJN5Z>$J8@%7M>$Eﬀ427;HI<27;EF@MGF7 6J8x$xK4GF7;4i<%S[7'9$@PJN7;4
4%Ey7'@!42=B*[7'<2@!JNoQE7;4'X ﬃR?

?LG>$?A4Y587;4SBU9WGOu7;587;4]GF76</=y7
  
7'<

&0vW587;4SBD>$4%427;4]GF7;4SoQEA>@=4SGF76</=yO7 ﬀ
ﬂ<
v
ﬀ
w	65 
v7'<C587;4CBD>$4%427;4iG7;4i587'y<29K?4C429K?a<Cx[7;?S[7'@W[7'7;4Myn>@C587;4iGJ"C[7'@%7;?Q<%4CGF9KEmA587'<%4\GF7 6J8x$xK4#7hg 68 X

9KE4>$5N589K?4Cy@=[7;427;?Q<27'@MEA?F7)7ﬁﬀW<27;?4%J89K?f?F9K?ﬀBDJZ?JNBD>$587)GAE9-:9WGpu7;587

<%>$?G>@!G:>;^$7;HwGF7;E ﬀ:GF9KEmA587'<%4
GF7 6J8x$xK4iG7</=y7
 
X
VXU 9"U 9 :
P
H
P
ADC
P
? :3=
P<; Z sks
H
j7;4BD9=Gpu7;587;4Du> GF7;E ﬀ GF9KEmA587'<%46GF7	6J8x$xK4M429K?Q<6429KE^$7;?a<HI9K?4%JZGY[7'@=[7;4HI9KBDBU7wGF7;467ﬁﬀ=<27;?4PJ89K?46BDJN?Jh
BD>$5N7;4GE4-:9WGpu7;587

<%>$?AG>@PGpX$j>MynY[7;?F9KB[7;?F9K589$xKJ87GEU427;HI<27;EF@RG7 J8x$xK47;42<BU9WGJ

[7'7i>;^$7;HE?w?F9KB0m@%7
BDJZ?JNBD>$5=GF7\?F9KEF^$7;>$E ﬀwyA>@P>$Bzu7'<2@P7;4'X

^$7;HiGF7;E ﬀwGF9KEFmA5N7'<%4HI9KBUyA587ﬁﬀW7;4GF7 6J8x$xK4>=@? 7'<A=4B`vK587\yO9$<27;?Q<%J87;5
GF7 6J8x$xK4i4; [7;HI@!J8<C7hg /D8 >
EGF


B
?
 M H M
B
I=KJ
?
=@?  
B
B
 M H M
B
I=KJ
B
=4B] 	CH 
0
=@?L=4B]
0
=4BM=@?


B
?
 
B
B
/
N=
J
?
=@?O=
J
B
=4B 
B


B
B
}
M =
J
?
=4BTM 
}
XNgXNg 

g
j>42=B*[7'<2@!J87[7;587;HI<2@%9$	>$J8mA587 [7'<%>$?Q<Dm@PJN4=[7'7:4%y9K?Q<%>$?S[7;BU7;?Q<fu>mA>$4%427 [7;?F7'@PxKJ87$v587;4UHPA>$BUyA4UGF7 6J8x$xK4
9$m<%JN7;??F7;?Q<GF7;4^`>$587;E@P4?F9K?0?QEA5N587;4kG>$?A4587Y^=JNG7 >
 
= ?

 

?

 7'<
 
=4B

 	


B !XM?JN?Q<2@%9WGEJ8<
>$589$@!4E?yn>@P>$Bu7'<2@%7 9K?AG>$BU7;?Q<%>$5RGEBU9=Gpu7;5N7bo=EJ7;42<c587D@P>yyO9$@%<0GF7;4GF7;Eﬀ^>$587;EF@!4BU9 $7;??F7;4cGF7;4
H!>$BUyA4iG7 J8x$xK4G>$?4\587^WJNGF7 >
<%>$? 

B

?
j7ﬀyO9$<27;?a<%JN7;5GF7 JNx$xK4b7;4%< >$589$@!4bGS[7;HI@PJN<byA>@587;4 oQEA><2@%7ﬀyA>@!>$Bu7'<2@%7;4z5NJ8m@P7;4D4%EJ8^>$?Q<%49>ﬁ
B
?
 M H M
B
v

B
B
 M H M
B
v 	CHva7'<]<%>$?X19KEF@\o=EF765N7CyO9$<27;?a<%JN7;5G7 6J8x$xK4]>$J8<]E?bBLJN?JNBcEBzvaG7;E ﬀD@%7;5N><%J89K?A4Y5NJN7;?a<SHI7;4
yA>@!>$Bu7'<2@%7;4 > 

? 
B
?
 M H M
B
 

B 	 H 
B


?  
B
?

B
B
 

B
?


B
B

	


B 
B
B
 M H M
B
 

? 	 H 
B


B  
B
?

B
B
 

B
?


B
B

	

]9KBDBU7G>$?A4i587 -ﬀ9=Gpu7;5N7

<%>$?GA>@PGpvF<2@%9KJN4CGF7'x$@=[7;4MGF75NJ8mO7'@%<=[7)GF7;4HP>$BDyA4CGF7	J8x$xK4JN?J8<%JZ>$E ﬀb429K?Q<
>mA4%9$@%mS[7;4MyA>@587;46mO9K429K?4 7'<X

5N46>$H'oQEAJ	u7'@%7;?a<)>$5N9$@P4ME?F7wBD>$4%427$Xkj>LyA9$<29K?@%7;42<27w<29KE 
29KEF@P4MGF7
BD>$4P427)?QEA5N587 > 


B

  
B
?
 
B
B
 

B
?


B
B

	
}

B 
 
B
?


B
?


B
B

	
}
  

5$@%7;42<27]>$589$@P4H'JN?oMGF7'x$@W[7;4 GF7R5ZJ8mO7'@%<Q[7$v o=EJKHI9K?42<%JN<%EF7;?a<587;4HP>$BUyn4kyAQ=4PJNoQE7;4kGF7Y5Z>\<%Y[7'9$@PJ87$XM?HI9KBDy<27
GF7;Eﬀ mO9K429K?4\G7 JNx$xK4i?F7;EF<2@%7;44%H'>$5N>$J8@P7;4i?F9$<Q[7;4ﬀ7'< =vAE?mO9K429K?:G7 JNx$xK4C?F7;EF<2@P7yA427;EGF9/4PH'>$5N>$J8@%7
ﬀ
7'<GF7;E ﬀmO9K429K?4)G7J8x$xK40HP>@Px[7;4w?F9$<=[7;4C=

Xj7;4)BD>$4%4%7;4GF7DHI7;4yA>@%<%JNH'E5N7;4)>yyA>@P>$JZ4%427;?Q<)G>$?4
58705N>x$@P>$?FxKJ87;?fyA>@6587;4C<27'@!BU7;4GkT>$EF<29/HI9KEFyA5N>x$7$X ﬃY5N587;4C4%9K?a<6@%7;5NJ-[7'7;47;?a<2@P707;5N5N7;4CHI9KBDBU7wJN5N5ZE42<2@W[7)4%EF@65N>

xKE@%7
}
XNgXNg0427;5N9K? >
ﬁ

ﬁ


Bﬂ


B
?
 
B
B

}
M H M
B

B
Fﬃ


Bﬂ
 
B


B "!
F
 #

Bﬂ
 
B

J%$

Bﬂ
 
B


B



Bﬂ

B

HI9K4
B
}
'&(	
}
ﬁﬀﬂﬃ
}
XNgXNg

JB
#? 6),+5#V% 
/
-
X :
-3-
/
- 
/
4
#&-<#&%7- 
/

+
iGi
-
:
%.-M?
/8
?
:
%
f
6*),+'-
y/.0l
]7;4)@%7;5N><%JN9K?4'vYu>:5 V9$@!GF@%7DGF9KBDJZ?>$?a<'vHI9K?a<2@P>$JNxK?F7;?a<c587;4)BD>$4P427;4GF7;4mO9K429K?4)GF7 J8x$xK4u>:5N>:H'5Z>$4%4%Jh

H'><%JN9K?4%EJ8^>$?a<27 >
Fﬃ2143

v
3
ﬂ
143
 
7'<
3
F
143

153
 
XOj9$@P4%o=EF7U5 V9K?y@%7;?AGf7;?HI9KBDy<27

}
587;4HI9$@%@%7;HI<%J89K?4@P>$GJN><%JN^$7;4'v 5N>i5ZJNBDJ8<274%EFy][7'@!J87;EF@%7yO9KEF@5Z>iBD>$4%427YGEmO9K429K?07;42<GkV7;?a^WJ8@%9K?Dg;e

7'& `H
B
X
??9$<27LoQE7w5N7w4%y7;HI<2@P7DGF7UBD>$4%427DGF7;4MmO9K429K?A4GF7 J8x$xK4GY[7'y7;?AGE?JNo=EF7;BU7;?Q<6G7;4GF7;E ﬀG7'x$@=[7;4
GF7M5NJ8mO7'@%<=[7M@%7;42<%>$?Q<iG>$?4]5876yO9$<27;?a<%JN7;5pGF7 J8x$xK4;XWtM>$?4\5Z>c4PEJ8<27$vW9K? y@%7;?GF@!>0HI9KBDBD7)GF7'x$@=[7;4iGF75NJ8mO7'@%<=[7
<%>$?7'<
3 Fﬃ
X
 9 &;F?	
 N
s P
=
P
H
P
:*;QE@H N ? ;FH8;FE@H =
P<;

sks
HA N :
sP
H
tM>$?4CE?zBU9WGOu7;587 u>DGF7;Eﬀ GF9KEFmn587'<%4\GF7 6J8x$xK4CGF7< QyO7ﬀﬁ-v587;4\<27'@!BU7;4\@%7;42<%>$?Q<%4CGA>$?4i587)5N>x$@!>$?FxKJ87;?
GF7 6J8x$xK4i4%9K?a<CG7)5N>w 9$@!BU7ﬃﬂ
 

}K| }
3

E! 

=

0
"
 	7
3$#&%
HI9$<  "gC('*)  
3+ %
<%>$?  "g ,'-)  8&.

 /102/


}K| }
3

3
 =

0
43ﬁ576 "g ,'*)  . 8/10&/
9
u
:
E  
<;
9
63ﬀ=?>
;@
>A=
@
>ABC>A63
;ED
><=F5GBﬃ5H3JILKNMO>QP8RﬀSv
"
 v.

v .	>T3
DU@
>
;
K8xV6W>A63XIY>
;
yZ>AMO3ﬁK?[7>ABC>A63\=N>
;^]
:
5HI
;
D
>ﬀ3 QyZ>`_
baUc
>T3d_feVg
5h!c
=?>
;
=N>'y!3
9
6
;
>T3i=N>
;
6W>
:
3JIYKF6
9
;Tj
5HI>ﬁﬀ->ABUyk=N>$vpy
9 :
I=N5l3JI
9
K
;
K u>ABﬃ>Um57BﬃKF=N=?>
D
>Um>TIYBﬃK
9
6
;
vZ=N>
;
=N5HI%x7>
:
I
;ED
>
;
y!I
9
MO>
;ﬁ;
:
;
= onqp r>T3
= 
nts
2uv
D
576
;
=?>
;
I
@
>TwVK
9
6
;
MTKN6
@
>ABx5H3ﬁK
]
:
>ABC>A63X57MTMO>
;ﬁ;
K?yk=N>
;
v
;
9
63
D
>=N5w
9
IYBC>ﬃﬂ
{ N=

nzp
 |{ }
B
~
M
9
3
B
 }
B
3ﬁ576
B

{ N=

nts

u
|{ }
B
u
3ﬁ576
B


KN6
;
Kvﬃ=?>M
9
:W
=N5Hw7>
D
>
;
y
9
;
9
6
;D
> ^K?w7w
;
M!!5HIﬁw
@
>
;
5
:
ﬀ
]
:
5HI
;

I
@
>
;
>A63J>
:
6BﬃKF6!KNB
:
B 5
3ﬁ576

} 	&}
Ł
j
=i>
;
3
D
>= 
9
I
D
IY>
D
>3ﬁ576 


*/

9
:
IG=F53JI
9
K
;
K?>ABC>:57BﬃKN=N=N>
D
>
]
:
5HI
;Tj
>
M
9
:W
=N5Hw7>
D
>
;
y
9
;
9
6
;GD
> ^K?w7w
;
MP!5HIYw
@
>
;
5
:
ﬀ=?>

3
9
6
;
5
:
wVBC>A63J>Q>A6 
9
6!MO3ﬁK
9
6
D
>3ﬁ576
j
>

=
:
;
v
D
>ﬃM
9
:!
=N5Hw7>ﬃ>
;
3

I
9

9
Iﬁ3ﬁK
9
6!6!>A=5
:
ﬀQBﬃ5
;Y;
>
;ED
>
;
>TIYBxK
9
6
;Z
M>
;
3

9
:
I
]
:
9
K=N5l3JI
9
K
;
K>ABﬃ>Dm57BxKN=N=?>
D
>
m>TIYBﬃK
9
6
;
>
;
33JIT>
;
=FK
@
>T>5CMO>
;
y
9
;
9
6
;
MP!5HIﬁw
@
>
;Tj
 9 
P
H  EQC
P!
:
N
CV*;QE =
P
H ;FH8;FEBH =
P ;


H A
N
:
P
H
X9
:
;
5A[
9
6
;
BﬃK
;
>A6
@
>T[-K
D
>A6!MO>=?>
;

IYKN6kMTK

57=?>
;
MT5HIL57MO3
@
>TILK
;
3ﬁK
]
:
>
;ﬀD
>
;
M
9
:W
=F5Hw7>
;^D
>
;

5HIﬁ3ﬁKNM
:
=?>
;XD
:
-
9
D
>A=N>

3ﬁ576
D
5HI
D
5
:
ﬀy
9
;
9
6
;D
> XK?w7w
;
MP!5HIﬁw
@
>
;
v>A6z
9
6!MO3ﬁK
9
6
D
>
;iD
>
:
ﬀ

5HIY57Bl>T3JIﬁ>
;
3ﬁ576 >T3}
F
ﬃ
j
=>
;
3
D@
>
;
9
IYBﬃ57K
;

9
;ﬁ;
KNyk=?>
D
>
D@
>TwV5Hw7>TI
]
:
>A=
]
:
>
;
M
9
6
;*@
>
]
:
>A6!MO>
;D
>
; @
>
]
:
5H3ﬁK
9
6
;

I
@
>AM
@
>
D
>A63J>
;Tj
>

=N576
m3ﬁ576

}
F ﬃ


>
:
3
;
>

5HIﬁ3ﬁ5Hw7>TIX>A6$3JI
9
K
;
I
@
>TwVK
9
6
;
ﬂ
¡

9
:
I
D
>
;
y
9
;
9
6
;ED
> ^K?w7w
;
MPk5HIﬁw
@
>
;
=
9
:
I
D!;
m}
F
ﬃ 1
}
~N¢£
Lv=N5
D@
>
;
KF63
@
>Tw7IY5H3ﬁK
9
6 = 
n¤p
r>
;
3
MTKN6
@
>ABﬃ5H3ﬁK
]
:
>ABC>A63

>TIYBﬃK
;
>^>T3X>
;
3X=N>B
9
D
>
D
>
D@
>
;
KN63
@
>Tw7IY5H3ﬁK
9
6

IYKF6!MTK

57=
j
6>
;
3
:
6B
@
>AMT576!K
;
BC>
;
:W!
=
@
>ABﬃ>A63ﬁ57K?IY>ﬃ5x=N5

I
9
D
:
MO3ﬁK
9
6
D
>
¦¥
h*§7¨
<©
g
a
>A6[
9
K?>rª
j
¡
5HIM
9
63JIﬁ>7v«5Q¬w7IY576
Dk­
3ﬁ576 m3ﬁ576
1`®
U>T3

9
:
IU}
F
ﬃ
$¯}
~N¢£
vW=?>
;
y
9
;
9
6
;4D
> ^K?w7w
;
MY°!5HIYw
@
>
;
;
>
DU@
>
;
KN63O>Tw7Iﬁ>A63

I
@
>T±
@
>TIﬁ>A63ﬁKN>A=N=?>ABC>A63>A6
s

u
j
¡
ﬃ²6

68v

9
:
I^3ﬁ576 $
®
>T3

9
:
I^}
F ﬃ
$³}
~N¢£
v=?>
;\DU@
>
;
KN63
@
>Tw7IY5H3ﬁK
9
6
;
±5A[
9
ILK
;@
>T>
;E;
9
63 =
¯n
0Oª
>T3Tv
D
576
;
:
6W>ﬀB
9
KN6
D
IY>\Bﬃ>
;
:
Iﬁ>7v = 
nµ´
0
j
 9N¶ &;FEQC+:
N
 EQC
P
H1CV
P
;F:¸· ?
P
H
P
C
P

P
:¸
P
EQC
N


P
H

>
;
M
9
63JIY57KN63J>
;
3ﬁ°
@
>
9
IYK
]
:
>
;]
:
>
D
9
K?[7>A63UIY>
;

>AMO3J>TIU3ﬁ576Q>T3U}
F ﬃ
;
9
63U=?>
;;
:
KN[25763J>
;Tj
>
;
MT57=FM
:
=
;
>A6lI
@
>TwVKNBﬃ>

>TIﬁ3
:
Iﬁyk5H3ﬁKN±
;
9
63[H57=NK
D
>
;;
KZ=?>M
9
:W
=N5Hw7>5
:
[7>TIY3J>ﬁﬀ =
 ¹Qp¹´
6
9
3
@
>

B
Fﬃ
~

U>
;
3KN6W±
@
>TIYK?>
:
I
º»
5 
jk
5ﬃM
9
6
D
KN3ﬁK
9
6 
B
Fﬃ
~

	&º
 
 
;
>3JIL5
D
:
K?3
;
:
I3ﬁ576 

5HI-/»o3ﬁ576	 A

j

>
;
IY>AMY°W>TIYML°W>
;ﬀD
K?IY>AMO3J>
;^D
>
;
y
9
;
9
6
;^D
>
;
K?w7w
;
ML°!5HIﬁw
@
>
;
BC>A6
@
>T>
;
5
:

ﬃo>T3ﬀ5
:
>'&	5H3JI
9
66
9
63
B
9
63JI
@
>x5
:
M
:
6W>
DU@
>T[*KF5H3ﬁK
9
6

5HIIL5
! 9
Iﬁ3ﬀ5
:
-
9
D
>A=?>

3ﬁ576
D
5HI
Dj
ﬃU=N=?>
;
M
9
6
D
:
K
;
>A63ﬀMO>

>A6
D
5763G5=>ﬁﬀ
MT=
:
;
K
9
6
D
>MO>TIﬁ3ﬁ57KF6W>
;
I
@
>TwVK
9
6
;lD
>Q=>
;

57MO>
D
>
;

5HIY57B$>T3JIﬁ>
;
M
9
BxBC>(=?>B
9
63JIﬁ>Q=N5

w
:
Iﬁ>
®
j
 
j
®
7»D8
j
βtan 10
-1 1 10 102
)2
c
 
(G
eV
/
±
H
m
60
80
100
120
140
160
60
80
100
120
140
160
LEP (ALEPH, DELPHI, L3 and OPAL)
 onlys c→± or Hντ→±Assuming H
Th
eo
re
tic
al
ly
in
ac
ce
ss
ib
le
Th
eo
re
tic
al
ly
in
ac
ce
ss
ib
le
SM Expected
 Expectedσ 1 ±SM 
CDF Run II Excluded
LEP Excluded
ﬀ
®
j
 
j
®ﬂﬁﬃ "!#%$&' #(*),+ -.$0/1 "!&*2"!3$+4#56+72"!98;:
),+ -=<
.>?=@
)0 "ABA0#%$15C "!
&*2"!ED9F2G+72A#0)BH3#%A)BHE#I&J#LK0 "$% "!E$M&J#ONP/4QRQ"$
)BH32"ASQUT#%$V$0-W53#%A%$0XZYT#%DSAB/1[\-E#%$,].^_#%$V)0 "!ED` Z-CAB$&a' #(*),+ -.$B/S "!$% "!3Db/c$B$0-.$V&J#%$=AT#%$0-C+ D`2"DS$&"-P^ad=eUf6&"-g#3h32"DSA "!Ef#%Db&J#%$V)0 "!EDSA2"/;!3Di#%$
DcHjT#, "AB/1[\-E#%$\]

>
;
M
9
63JIY57KN63J>
;U;
:
I	=?>
;
y
9
;
9
6
;	D
>

K?w7w
;
ML°!5HIﬁw
@
>
;

>
:
[7>A63²5
:
;ﬁ;
K

I
9
[7>A6!K?I
D
>iBC>
;
:
Iﬁ>
;
KN6
D
K?Iﬁ>AMO3J>
;Tj

5

I
@
>
;
>A6!MO>
D
>3J>A=
;
y
9
;
9
6l>A63JIY57KN6W>TIL57K?3
D
>
;
>*kZ>T3
;i;
:
IiMO>TIﬁ3ﬁ57KN6W>
;
9
y
;
>TIﬁ[H5Hyk=?>
;D
:
-
9
D
>A=?>

3ﬁ576
D
5HI
Dj
5HI8>ﬁﬀ->AB

=?>7v&=?>
;
3ﬁ5
:
ﬀ
D
>
D@
>
;
KF63
@
>Tw7IY5H3ﬁK
9
6
;
´n
ªA'
;
9
63«B
9
D
K

@
>
;
5
:
6!K?[7>A5
:
D
>
;
M
9
IﬁIﬁ>AMO3ﬁK
9
6
;
IY5
D
KF5H3ﬁK?[7>
;

5HIﬃ=F5

I
@
>
;
>A6!MO>
D
>$y
9
;
9
6
;ﬃD
>

K?w7w
;
ML°!5HIﬁw
@
>
;TjU
5M
9
BrykKN6!57K
;
9
6
D
>
;
I
@
>
;
:
=N3ﬁ5H3
;ﬃD
>
;
M
9
=N=F5Hy
9
IL5H3ﬁK
9
6
;
lm -.-bmZvn-bm=o >T3
 
-am%"qp

>TIYBC>T3
Dr
9
y!3J>A6!K?I=N5=NKNBﬃKN3J>ﬃ}
F ﬃ	s
»_ 
ﬂtMuDE 	20
B
5v6wx
D
>l6!K?[7>A5
:
D
>
M
9
6zy576!MO> 7
®
  8
j={
>

>A6
D
5763Tv!MO>T3J3J>=NKNBﬃKN3J>^KN6
D
K?Iﬁ>AMO3J>
D@
>

>A6
DD
:
B
9
D
>A=?>E>A6[-K
;
5Hw
@
>
j
|M},| ~ZIIŁGIOU


5

°
@
>A6
9
B
@
>A6
9
=
9
wVK?>
D
>
;

57K?Iﬁ>
;
310 3r>
;
3rB
9
D
KSy
@
>T>

5HIr=F5

I
@
>
;
>A6!MO>
D
>ﬃy
9
;
9
6
;ED
>

K?w7w
;
MY°!5HIYw
@
>
;Aj
{
>
D
>TIY6kK?>TI
D
9
K?3O>T3JIY>6
@
>AMO>
;ﬁ;
57K?Iﬁ>ABﬃ>A63=
@
>Tw7>TIm}
Fﬃﬂ
}
~N¢m£
¹
}
W

9
:
IO>T3JIﬁ>K
;ﬁ;
:
D
>
;4D@
>
;
KN63
@
>Tw7IY5H3ﬁK
9
6
;
D
>
;]
:
5HIW
;
3
9

j
6l±
9
6kMO3ﬁK
9
6
D
>
;
[H57=?>
:
I
;D
>ﬀ3ﬁ576>T3}
Fﬃ
v!=
rf@
>T3ﬁ5H3y6!57= 3
0
3

>
:
3O>T3JIY>rB
9
D
KSy
@
>
jz
9
:
;
57=N=
9
6
;XD
9
6!M
D@
>AMOILK?Iﬁ>CMO>TIﬁ3ﬁ57KN6W>
;

5HIﬁ3ﬁKNM
:
=N5HILK?3
@
>
;^D
>
;@
>T[
@
>A6W>ABC>A63
;
310 3
D
576
;
:
6B
9
D
>A=?>5
D
>
:_ 
D
9
:
yk=?>T3
;
D
>

K?w7w
;Tj
º7º
m  
	V   


ﬁﬀ

ﬂﬃ "!
#
>
:
=?>
:
6W>

5HIﬁ3ﬁK?>
D
> =
r
>
;

57MO>
D
>
;

5HIY57B$>T3JIﬁ>
;

>
:
3B
9
D
K1y!>TI=N5
;
K?wV6!5H3
:
Iﬁ> 5H3J3J>A6
D
:
>
D
>
;
@
>T[
@
>A6!>ABC>A63
;
3 0 3
j 
5 ykw
:
Iﬁ>
®
j
®
j
»B
9
63JIﬁ>=?>EIL5
! 9
Iﬁ3
Dr
>ABry!IY576kMY°W>ABC>A63
D
:
]
:
5HIW$3
9 
>A6K=  ´
D
576
;
=?>

=N576 m3ﬁ576

}
F ﬃ

vM
9
IﬁIﬁ>
;
 9
6
D
5763\5E=N5

I
9
D
:
MO3ﬁK
9
6
Dr
:
6xy
9
;
9
6
D
>

K?w7w
;
MY°!5HIYw
@
>ﬀK
;Y;
:
Dr
:
6
]
:
5HIZ
3
9 
j={
>IY5
! 9
Iﬁ3
D
KNBxKN6
:
>^5b[7>AME}
Fﬃ
>T3iB
9
63JIﬁ>
:
6$BﬃKN6!KNB
:
B 5C3ﬁ576%$'&
j
±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
-110
1
b)± H→BR(t 
 ﬀ
®
j
®
j
»
ﬁ)(2%5*5C "ABD=&' #%Y K\A2"!6)BH3#%Y #%!ED*,+8;:,-
.
ﬃﬁ/
@
& 2"!E$+4#j56+72"!G8;:
),+ -=<
.>?q@
f  *K\Di#%!E-.$ 2"0"#)+4#
QUT#%! T#%A2"Di#%-.A1325476879;:=<?>A@,]
ﬀ6

>
:
3
D
>
;
=
9
I
;
5CBﬃIYBC>TI
]
:
>rMO>T3J3J>I
@
>TwVK
9
6KN63J>TILB
@
>
D
KN57K?Iﬁ>7v

9
:
Ii=N5
]
:
>A=N=?>ﬀ3ﬁ576 D$E&v
;
>TIY5
D
KFBG
MTKN=N>ABC>A63\57MTMO>
;ﬁ;
KNyk=?>5=
r
>
 *
@
>TIYKN>A6!MO>Gﬂ=N5
D@
>
;
KN63
@
>Tw7IY5H3ﬁK
9
6
pn

´
>
;
3

IYK?[-KN=
@
>TwVK
@
>T>r>T3=F5
;
KNwV6!5H3
:
Iﬁ>
D
>
;
@
>T[
@
>A6!>ABC>A63
;
3
0
3Iﬁ>
;ﬁ;
>ABEyk=N>\57=
9
I
;
5CMO>A=N=?>ﬀ5H3J3J>A6
D
:
>
D
576
;
=?>ﬀMT5
D
Iﬁ>
D
:
-
9
D
>A=N>
#
3ﬁ576
D
5HI
D8j
6[7>TI
;
>ABC>A63Tv
D
576
;
=?>
;
I
@
>TwVK
9
6
;
5

>T3ﬁK?3
9
:
w7IL576
D
3ﬁ576	vZ=?>
;\DU@
>T[*KN5H3ﬁK
9
6
;

5HI\IY5
!
9
Iﬁ3X5
:z 
;
K?wV6!5H3
:
Iﬁ>
;
310 3ﬀ5H3J3J>A6
D
:
>
;
;
9
63iKNB

9
IY3ﬁ5763J>
;Tj
m GHI,KJL
	M
 


Nﬀ

ﬃkO3P
!

#
>A=
9
6¯=?>
;
[H57=?>
:
I
;CD
>$3ﬁ576³>T3ﬃ}
F
ﬃ
v	=?>
;ﬃ]
:
5HIW
;

>
:
[7>A63
D
9
6!6W>TI

=
:
;
K?>
:
I
;(@
>T3ﬁ5H3
;
y6!5
:_ 
j
>
;
y!w
:
Iﬁ>
;
®
j
®
j
ºB
9
63JIY>A63=?>
;
IY5
k
9
IY3
;XDr
>ABry!IY576kMY°W>ABC>A63
D
>
;
y
9
;
9
6
;
= `>A6
pJ´
v0Tª
9
:
sNQ2u
j
\6
D
K
;

3ﬁKN6!w
:
>\3JI
9
K
;
I
@
>TwVK
9
6
;iD
576
;
=?>

=N576ﬂm3ﬁ576

}
F ﬃ


9
:
I}
F ﬃ

}
~N¢£
¹
}

j

9
:
3
Dr
5Hy
9
I
D

=N5,RM
9
6
;
6
9
:
;
5,w7IL576
D
>Q[257=N>
:
I
D
>3ﬁ576 	v
;
:W
@
>TIYKN>
:
Iﬁ>`5 »
j
>
;
y
9
;
9
6
;
= 
;
>
D@
>
;
KF63T>Tw7Iﬁ>A63

Iﬁ>
;ﬁ]
:
>>
 
MT=
:
;
K?[7>ABC>A638>A6=?>

3
9
6
;
= 
n sNQ2u
jE{
>A=N54±m5b[
9
IYK
;
>U=?>
;
MT576!5
:_ 
¬310 3
nµsﬃS
T
>T3
;ﬁ­
>T3¬
D
KN=?>

3
9
6
;ﬁ­
vk5
:
D@
>T3JILKNBC>A63
D
>
;
5
:
3JIﬁ>
;
MT576!5
:_ 
¬J=?>

3
9
6
S
T
>T3
;Y­
v>T3¬3
9
:
3^°k5
D
I
9
6!K
]
:
>
­-j!
5xB
:
=?3ﬁK;

=FKNMTK?3
@
>B
97U
>A6!6W>>A6
T
>T3
;
>
;
3	57=
9
I
;

=
:
;
±57K?yk=?>
]
:
>4MO>A=F=?>5H3J3J>A6
D
:
>
D
576
;
=N>4MT5
D
Iﬁ>
D
:
-
9
D
>A=?>
#
3ﬁ576
D
5HI
Dj

>iB>ABC>7v*=?>
;;
>AMO3ﬁK
9
6
;
>VBxMT57MO>
;D
>

I
9
D
:
MO3ﬁK
9
6
D
>
;<@
>T[
@
>A6W>ABﬃ>A63
;
310 3
D
576
;
=?>
;
MT576!5
:_ 
¬>A=?>AMO3JI
9
6
S
T
>T3
;ﬁ­
>T3x¬JB
:
9
6
ST
>T3
;ﬁ­x;
9
63

=
:
;
±57K?yk=?>
;
vWM
9
BﬃBﬃ>E=
r
KN6
D
K
]
:
>X=N5Iy!w
:
Iﬁ>
®
j
®
j
w
j

6
;
:
KN3J> M
9
6
;
K
DU@
>TI
9
6
;
=N5 I
@
>TwVK
9
6 3ﬁ576 W » >T3

9
:
I
D
>
;
±m57K?y=?>
;
Bx5
;ﬁ;
>
;D
>y
9
;
9
6
;
= 
m}
F
ﬃ
W  Oº tLu E	20
B

j!
>
;D@
>
;
KF63
@
>Tw7IY5H3ﬁK
9
6
;
Bﬃ5
T
9
IYK?3ﬁ57K?IY>
;;
9
63 =
(n
0Tª
jW
5CB
:
=N3ﬁK

=NKNMTKN3
@
>^B
97U
>A6k6W>
D
>
;l@
>T[
@
>A6W>ABC>A63
;
3
0
3i>
;
3
;
:W
@
>TILK?>
:
Iﬁ>G5GMO>A=N=?>

I
@
>
D
K?3J>

5HI^=?>EB
9
D
>A=?>
#
3ﬁ576
D
5HI
DjkrŁ@
>T3ﬁ5H3yk6k57=3
0
3i±5A[
9
IYK
;@
>
ºbw
±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
-310
-210
-110
1
)ν τ → ±BR(H
±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
-210
-110
1
)s c→ ±BR(H
±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
-910
-810
-710
-610
-510
-410
-310
-210
-110
1
)b t→ ±BR(H
 ﬀ
®
j
®
j
º
ﬁ (2%5*5C "ABDS$j&' #%Y K\A2"!
)BHE#%Y #%!3D&J#%$ K0 "$% "!E$

ﬃ
#%!	CF2 Q*2Z-E)BH3#
Wfi2"-)B#%!3DSA0#
 "-CF2&"A Z/;Di#
Rf
#%!, "!
)\DS/1 "!&J#:
) + -
#%D
.>?
]	%+ $  "!EDT#%DCT# *K\Di#%!3-C$2"0"#)+4#PQUT#%! T#%A2"Di#%-.A1325476879=]
KNMTK>
;
3ﬀ=?>rMT576k57=«3
9 :
3\°k5
D
I
9
6!K
]
:
>
j
MTK«>A6!M
9
Iﬁ>7v=?>
;^;
>AMO3ﬁK
9
6
;
>VBxMT57MO>
;D
>

I
9
D
:
MO3ﬁK
9
6
D
>
; @
>T[
@
>A6!>ABC>A63
;
310 3
D
576
;
=?>
;
MT576!5
:z 
¬
@
>A=?>AMO3JI
9
6 S
T >T3
;ﬁ­
>T3x¬JB
: 9
6 ST >T3
;ﬁ­x;
9
63

=
:
;
±57K?yk=?>
;Aj

6zyk6v
D
576
;
=N5ﬃI
@
>TwVK
9
6Q3ﬁ576 W³»ﬃ>T3\}
Fﬃ s
 OºtLu E	20
B
v =?>
;
y
9
;
9
6
;^D
>

K?w7w
;\;
>
D@
>
;
KN63O>Tw7Iﬁ>A63
>A6
]
:
5HIWo3
9 
°
9
I
;
M
9 :
MY°W>
D
>Bﬃ5
;ﬁ;
>O=  n pO´
jrf@
>T3ﬁ5H3 y6!57=ﬀM
9
IﬁIﬁ>
;
 9
6
D
5763d5
:
6
]
:
5HIWo3
9 
D
576
;
MO>T3J3J>I
@
>TwVK
9
6>
;
3xM
9
6
;
3ﬁKN3
:
@
>
Dr
:
6 y
9
;
9
62 >T3
D
>$3JI
9
K
;C]
:
5HIW
;
´
;
>A=
9
6`=?>
;
ML°
@
>ABﬃ5
;
:
K?[25763$ﬂ
pn
= 
´n

pJ´

´Qn
 
´
0
´

´
jﬀ
KF6
;
Kv
;
KX=?>
;

5HIY57Bl>T3JIﬁ>
;lD
:
;
>AMO3J>
:
I
D
>

K?w7w
;
5
!
5HIY3ﬁK?>A6!6W>A635
MO>T3J3J>rI
@
>TwVK
9
6v=N>
;G@
>T[
@
>A6W>ABC>A63
;
310 3
;
9
63iMT5HIY57MO3
@
>TIYK
;@
>
;

5HIi5
:
B
9
KF6
;]
:
5H3JIﬁ>
T
>T3
;
´
jV{
>

>A6
D
5763Tv!=?>
T
>T3
´

I
9
[7>A6!5763
D
:
y
9
;
9
62=

5C3J>A6
D
576kMO>5 >T3JIﬁ>

>
:
@
>A6W>TIﬁw
@
>T3ﬁK
]
:
>ﬂﬁ

W  J tMu E

j
±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
0
20
40
60
80
100
 e+jets) (pb)→t(tNLOσ
ﬀ
®
j
®
j
w
ﬁﬃ#)\DS/1 "!3$#! )02*)B#%$#" ^%$ &J# 5
A R&"-3)&
DS/1 "! &'T# 0T#%!#%Y #%!3DS$_:ﬂ' :j&*2"!3$U+4#)02"!62 +)( #\+4#)\DSA "!+*-,R#%DS$/.
&*2"!E$ +4#5
+72"! 8;:
) + -<
.
>?
@
]102Z!E$ +4#ﬂ)02*&"A# &"-
2
 R&F#\+4#ﬃ3D`2"!6&*2ZA&"f)3=85464-78'
-:9<;>=69?
@A@)BDCFE
G/GH
4 2"-^NJI=]
^#%$30Z2 +4#%-.AB$ "!3DT#%DCT# K\Di#%!E-E#%$2"0"#)
+4#IQUT#%! T#%A2"Di#%-.A 1 2 4 68 9 5
-./;$GA#%!6 "ABY 2"+ /;$aT#R#%$F2 +72
$,#)\DS/1 Z!G#! )B2 )%#%3=8!K'
@
@LBMC
]

KN6
;
Kv=N5

°
@
>A6
9
B
@
>A6
9
=
9
wVK?>
D
>
;ﬃ@
>T[
@
>A6W>ABﬃ>A63
;
310 3
D
576
;
:
6W>^>
 
3J>A6
;
K
9
6
D
:
-
9
D
>A=?>
#
3ﬁ576
D
5HI
D
5
D
>
:z 
D
9
:
yk=?>T3
;ﬃD
>

K?w7w
;
>
;
3

5HIﬁ3ﬁKNM
:
=FK>TIﬁ>
j
=N=N>±m57KN3x5
!
5HIY5C N 3JIﬁ>
D
>6
9
:
[7>A5
:_ 
@
>T3ﬁ5H3
;
yk6!5
:_ 
v
]
:
K
;
>
D
K
;

3ﬁKN6!w
:
>A63
D
>lMO>
:_ 
5H3J3J>A6
D
:
;D
576
;
=?>lMT5
D
Iﬁ>
D
:
-
9
D
>A=?>
#
3ﬁ576
D
5HI
D

5HI
:
6W>

=
:
;
±
9
IY3J>

I
@
>
;
>A6!MO>
D
>
=?>

3
9
6
;
s
v
9
::
6W>ﬀB
:
=?3ﬁK

=FKNMTK?3
@
>i>A6
T
>T3
;;
:W
@
>TILK?>
:
Iﬁ>
jW
576
;
3
9
:
;
=?>
;
MT5
;
v!=?>
;;
>AMO3ﬁK
9
6
;
>VBxMT57MO>
;XD
>

I
9

D
:
MO3ﬁK
9
6
D
>
;d@
>T[
@
>A6!>ABC>A63
;
3
0
3
D
576
;
=N>
;
MT576!5
:z 
¬>A=?>AMO3JI
9
6
ST
>T3
;ﬁ­
>T3Q¬JB
:
9
6
S
T
>T3
;ﬁ­ ;
9
63

=
:
;
±m57KNyk=?>
;Tj
{
>T3J3J>
9
y
;
>TIY[25H3ﬁK
9
6
9
:
[*Iﬁ>G=F5$[
9
K?>5
D
>

9
;Y;
K?yk=?>
;
Iﬁ>AMY°W>TILMY°W>
;D
>Gy
9
;
9
6
;ED
>

KNw7w
;
ML°!5HIﬁw
@
>
;

5HI
D
>
;
D@
>T[-KN5H3ﬁK
9
6
;iD
576
;
=?>
;
Bﬃ>
;
:
Iﬁ>
;D
>
;;
>AMO3ﬁK
9
6
;
>VBxMT57MO>
;XD
>

I
9
D
:
MO3ﬁK
9
6
D
>

57K?Iﬁ>
;D
>
]
:
5HIW
;
3
9

j
º	O
|M}  "IV	 
  G W UI G =PO  G

I L 

> -
9
D
>A=?>
#
3ﬁ576
D
5HI
DGD
>
;
KN63J>TIY57MO3ﬁK
9
6
;x@
>A=N>AMO3JI
9
±m57KNyk=?>
;
5
@
>T3
@
>IL5

K
D
>ABC>A63
DU@
>AMOIYK?3
D
576
;
MO>ﬀMY°!5

K?3JIﬁ>
j

>
]
:
5HIWx3
9 
3ﬁK?>A63
:
6GI

9
=?>

5HIﬁ3ﬁKNM
:
=FK?>TI
D
576
;
=?> -
9
D
>A=?>
#
3ﬁ576
D
5HI
D
>A6lIL57K
;
9
6
D
>
;
>
;
MT5HIY57MO3
@
>TIYK
;
3ﬁK
]
:
>
;
>T3i6
9
3ﬁ57BﬃBC>A63
D
>
;
5ﬃBx5
;ﬁ;
>7vkBC>
;
:
I
@
>T>5
:
6!>^[H57=?>
:
I

I
9
MY°W>
D
>=
rŁ@
>AML°W>A=N=?>
@
>A=?>AMO3JI
9
±57K?yk=?>
j

5

°
@
>A6
9
B
@
>A6
9
=
9
wVK?>
D
:
]
:
5HIWC3
9 
5
:W
IA>
;4D
>\M
9
=N=NK
;
K
9
6!6W>
:
I
;
°k5
D
I
9
6!K
]
:
>
;
>
;
3U>A6
;
:
K?3J>

I
@
>
;
>A63
@
>T>
j

>
;
B
9
D
>
;D
>

I
9
D
:
MO3ﬁK
9
6r>T3U=?>
;;
K?wV6!5H3
:
Iﬁ>
;	D
>
;<@
>T[
@
>A6W>ABC>A63
;
M
9
63J>A6!5763
D
>
;	]
:
5HIW
;
3
9 
;
9
63
D@
>AMOIYKN3
;Tj

>
;

I
9
MO>
;ﬁ;
:
;iD
>±
9
6
D!;
5
:
;
KNwV6!57=
D
>

I
9
D
:
MO3ﬁK
9
6
D
>

57K?Iﬁ>
;XD
>3
9 
;
9
63

I
@
>
;
>A63
@
>
;
5A[7>AM=?>
:
I
;

IYKN6_
MTK

57=?>
;
MT5HIY57MO3
@
>TIYK
;
3ﬁK
]
:
>
;Aj
r
>A6 T >
:
D
>4=F5^Bﬃ>
;
:
Iﬁ>
D
>=N5
;
>AMO3ﬁK
9
6>VBxMT57MO>
D
>

57K?Iﬁ>
;D
>
]
:
5HIW3
9 
>
;
3	KFB
 9
Iﬁ3ﬁ5763
j{
>T3J3J>iBﬃ>
;
:
Iﬁ>
>
;
3KN63
@
>TIﬁ>
;ﬁ;
5763J>6
9
6
;
>
:
=?>ABC>A63
 9 :
I5A[
9
K?I57MTMH>
;
5
D
>
;

5HIY57B$>T3JIﬁ>
;D
:
-
9
D
>A=?>
#
3ﬁ576
D
5HI
D
vbBx57K
;
5
:
;ﬁ;
K

5HILMO>
]
:
r
>A=F=?>ﬀ>
;
3
;
>A6
;
K?yk=?>ﬃ5
D
>6
9 :
[7>A=N=?>
;
3ﬁ°
@
>
9
IYKN>
;Tj

576
;
=?>EMT5
D
IY>
D
:
-
9
D
>A=?>
#
3ﬁ576
D
5HI
D
v!=N5xBC>
;
:
Iﬁ>
D
>E=N5
;
>AMO3ﬁK
9
6>VBxMT57MO>
D
>

I
9
D
:
MO3ﬁK
9
6
D
>

57K?Iﬁ>
;
3 0 3

>TIYBC>T3
:
6W>XMT5HIY57MO3
@
>TIYK
;
5H3ﬁK
9
6

I
@
>AMTK
;
>
D
>^=
r
KF63J>TIY57MO3ﬁK
9
6x±
9
Iﬁ3J>ﬃ5
D
>
;ﬃ@
>A6W>TIYwVK?>
;4D
>X=
r
9
I
D
Iﬁ>
D
>\»6w
^>ﬁﬀ
j

=N=?>

>TIYBC>T3X5
:
;ﬁ;
K
D
>EIY>AB
9
63J>TIﬀ5
:_ 
I
9 
IYK
@
>T3
@
>
;\D
:
;

KN6
D
:
]
:
5HIW$3
9 
jU
6zy6v!>A=N=?>
;XD
>T[*IY57K?>A63

>TIR
BC>T3J3JIY>
:
6W>
D@
>T3J>TILBﬃKN6!5H3ﬁK
9
6
D
>E=N5xBﬃ5
;ﬁ;
>
D
:
]
:
5HIWl3
9
k:
K
;ﬁ]
:
>\=F5
;
>AMO3ﬁK
9
6>VBxMT57MO>r310 3
DU@
>

>A6
D
±
9
Iﬁ3J>*
BC>A63
D
>E=F5[257=?>
:
I
D
>MO>T3J3J>rBﬃ5
;Y;
>
j

>
;r;
K?wV6W>
;D
>x6
9
:
[7>A=N=N>

°
U
;
K
]
:
>

>
:
[7>A63E5
!
5HIY5C N 3JIﬁ>
D
576
;
=?>
;
>AMO3J>
:
I
D
:
]
:
5HIW3
9
d
5HI<=
r
KN6_
3J>TIYB
@
>
D
KN57K?Iﬁ>
D
>y
9
;
9
6
;;
:W!
=
@
>ABﬃ>A63ﬁ57K?IY>
;
=
9
:
I
D!;
5
:_ 
]
:
>A=
;
KN=
;
>$M
9
:W
=?>TIL57K?3
j{
>
;
y
9
;
9
6
;
vK
;ﬁ;
:
;rD
>
;
3ﬁ°
@
>
9
IYKN>
;²;
:W
>TI
;
U
B
@
>T3JIYK
]
:
>
;
/

ﬀ

=

v
9
:
D
>w7IY576
D
>
:
6!KSykMT5H3ﬁK
9
6  ﬃﬂ

v
9
:
>A6kM
9
Iﬁ>
D
>=N5\3J>AML°!6!KNM
9
:
=?>
:
I

~

v

>
:
[7>A63X>A6>*kZ>T3ﬀM
9
63JIYKNy
:
>TI
D
><Bx576!K>TIﬁ>
;
K?wV6!KSyMT5H3ﬁK?[7>l5l=N5
;
>AMO3ﬁK
9
6>VBxMT57MO>
D
>

I
9
D
:
MO3ﬁK
9
6310 3
j

6

5HIﬁ3ﬁKNM
:
=NK?>TIAv
D
576
;
=?>MT5
D
Iﬁ>
D
>
;
B
9
D
>A=?>
;i;
:W
>TI
;
U
B
@
>T3JIYK
]
:
>
;
v!=?>M
9
:W
=N5Hw7>
D
:
]
:
5HIWl3
9

5
:

K?w7w
;
ML°!5HIﬁw
@
>
;
>TIY5\3J>
;
3
@
>XIY5

K
D
>ABC>A63
D
>
;
=?>
;

Iﬁ>ABﬃK>TIﬁ>
;
Bﬃ>
;
:
Iﬁ>
;D
>
;
>AMO3ﬁK
9
6>VBxMT57MO>
D
>

I
9
D
:
MO3ﬁK
9
6v-5

5HIﬁ3ﬁK?I
Drf@
>T[7>A63
:
>A=N=?>
;²DU@
>T[*KN5H3ﬁK
9
6
;
9
y
;
>TIﬁ[
@
>T>
;²D
576
;
=N5

I
9
D
:
MO3ﬁK
9
6
D
>

57K?Iﬁ>
;D
>
]
:
5HIWE3
9

=
9
I
;ﬁ]
:
>=?>4y
9
;
9
6
D
>

K?w7w
;
ML°!5HIﬁw
@
>E>
;
3=
@
>Tw7>TI

9
:
D
576
;
=F5

I
9
D
:
MO3ﬁK
9
6
D
>¯_ 
¥
h*§7¨"!$#
©
g
a²c
=
9
I
;ﬁ]
:
>=?>\y
9
;
9
6
D
>

K?w7w
;
MY°k5HIﬁw
@
>
>
;
3=
9
:
I
D

j
º5&
  	
  
    ﬀﬂﬁ ﬃ "!$#&% (' ﬃ)ﬁ*ﬃ+  
,
#-  ﬃ "!$#&%  
,
ﬁ.!ﬂ   /- ﬁ0"1- 2#
,
 ﬁ*%  ﬀ43576
, 8
9!$:% ﬃ+ ; <
ºbv
  
:   
;  ﬃ+# ﬀ ﬀ ! 2!$#&%  ﬁ*-6 # 7 ﬃ #&%  9 ! 
 L} 	qVL P

>

>ﬁﬀ	5H3JI
9
6 >
;
3
:
6 576!6W>A5
:
M
9
=F=NK
;
K
9
6k6W>
:
I$KN6
;
3ﬁ57=F=
@
>
D
576
;
=F5 yk576!=NK?>
:
>
D
>
{
°!KFMT5Hw
9
5
W>TILBﬃK;
=N5Hyv

 ^

W>TILBﬃK

5H3ﬁK
9
6k57=

MTMO>A=?>TIY5H3
9
I

5Hy
9
IY5H3
9
I
U

j {Or
>
;
3Q=?>
D
>TIY6!K?>TI
@
>T3ﬁ5Hw7>
Dr
:
6 >A6
;
>ABryk=?>
Dr
57MTM
@
>A=
@
>TIY5H3J>
:
I
;
v8±
9 :
IY6!K
;ﬁ;
5763X57KN6
;
K
D
>
;
±57K
;
MO>A5
:_ 
D
>

I
9
3
9
6
;
>T3
Dr
5763ﬁKS

I
9
3
9
6
;\D
>Gv
 ^>ﬁﬀ
j8
>
:_ 
>
 -
@
>TIYK?>A6!MO>
;iD
>

°
U
;
K
]
:
>
D
>
;

5HIY3ﬁKNM
:
=?>
;;
9
63
@
>T3ﬁ5Hyk=NKN>
;
5
:_ 
D
>
:_ G
9
KN63
;D
>M
9
=N=NK
;
K
9
6
;
>T3
D
:

>ﬁﬀ	5H3JI
9
6
j	
>
;CDU@
>T3J>AMO3J>
:
I
; {

 >T3

v

=N57M
@
>
;
>A6¯MO>
;ﬃD
>
:z d
9
KN63
;
v

>TIYBC>T3J3J>A63
D
>lIﬁ>AM
9
6
;
3JI
:
K?Iﬁ>
>T3
Dr
K
D
>A63ﬁKSy!>TI=?>
;

I
9
D
:
K?3
;
yk6k5
:_ 
D
>
;
M
9
=N=NK
;
K
9
6
;Tj
=	>
;
3r57=
9
I
;

9
;ﬁ;
K?yk=?>
D
>ﬃIY>AB
9
63J>TI5
:
I
9
MO>
;Y;
:
;

°
U
;
K
]
:
>KN6!K?3ﬁKF57=vk6
9
:
;XD
9
6!6!5763
D
>
;
KF6W±
9
ILBﬃ5H3ﬁK
9
6
;;
:
I^=F5

°
U
;
K
]
:
>
D
>r=
r
KN6zyk6!KFBC>A63

>T3ﬁK?3
]
:
K5

IYK
;

5HIY3r5ﬃMO>
;
M
9
=N=FK
;
K
9
6
;Aj


IA>
;
=N5
D@
>AM
9
:
[7>TIﬁ3J>
D
:
]
:
5HIWE3
9

5
:X:
6<
D
:I
>ﬁﬀ	5H3JI
9
6vKN=*>
;
3
D
>T[7>A6
:
3JIA>
;
KFB

9
Iﬁ3ﬁ5763
D
>BC>
;
:
Iﬁ>TI
=?>
;

I
9

IYK
@
>T3
@
>
;^D
:
y
9
;
9
6 >T3
D
>
;\]
:
5HIZ
;
3
9

>T3
´
jZ
>

I
9
T
>T3
Dr
:
6W>

@
>TIYK
9
D
>
D
>

IYK
;
>
D
>
D
9
6k6
@
>T>
;
D
>G°!5
:
3J>G=
:
BﬃKN6
9
;
K?3
@
>ﬃ57MTM
9
B

5HwV6
@
>T>
Dr
:
6W>GB
9
63
@
>T>l>A6
@
>A6!>TIﬁwVK?>
D
>
;
±57K
;
MO>A5
:_ 
@
>T3ﬁ57K?3
D
>

=
:
;
B
9
3ﬁK?[
@
>

5HI=
r
>
 
3J>A6
;
K
9
6
;
K?wV6kKSykMT5H3ﬁK?[7>
D
>
;

9
3J>A63ﬁKN57=NKN3
@
>
;ED
>
D@
>AM
9
:
[7>TIﬁ3J>
D
:
y
9
;
9
6
D
>

K?w7w
;
>T3
D
>
;
KNwV6W>
;ﬀD
>
6
9
:
[7>A=N=?>

°
U
;
K
]
:
>
jH
>I
:
6ﬃﬁ
D
: 
>ﬁﬀ	5H3JI
9
6

I
@
>T[
9
KN3
:
6ﬃ57MTMOI
9
K
;ﬁ;
>ABC>A63
D
>i=
rŁ@
>A6W>TIﬁwVK?>
D
576
;
=N>MO>A63JIﬁ>
D
>
Bﬃ5
;Y;
>7v

5
;ﬁ;
5763
D
> 
j


>ﬁﬀ 5  
j
v-O

>ﬁﬀrv857KN6
;
K
]
:
r
:
6Q57MTMOI
9
K
;ﬁ;
>ABC>A63=N5l=
:
BﬃKF6
9
;
K?3
@
>KN6
;
3ﬁ5763ﬁ576
@
>T>C>A6
D
>
:z 
°!5
;
>
;Tj-
>XI
:
6ﬃYf5r5E±
9
6!MO3ﬁK
9
6!6
@
>ﬃ5

 ﬁﬀJ JﬂﬃAMTB! "ﬃH/
;
 $#U>T345r57MTM
:
B
:
=
@
>

®
±y$ $#
D
>
D
9
6k6
@
>T>
;Tj

>XI
:
6xﬁfy

I
@
>T[
9
K?3
:
6W>\=
:
BﬃKN6
9
;
K?3
@
>XKN6
;
3ﬁ5763ﬁ576
@
>T>
T
:
;ﬁ]
:
r
5Iw%ﬀC JﬂﬃAMTB! "ﬃ2/
;
 $#Tv

>TIYBC>T3J3ﬁ5763
Dr
57MTM
:
B
:
=?>TI
>A63JIﬁ>ºC>T3C±y
 $#
D
>
D
9
6!6
@
>T>
;iDr
KFMTK=?>
DU@
>ABﬃ5HIﬁIY5Hw7>
D
:
 M{^j
 L},| &    W  ('0   jU	 G*)  	Z+

>

>ﬁﬀ	5H3JI
9
6>
;
3X=?>
D
>TIY6!KN>TI
@
>T3ﬁ5Hw7>
Dr
:
6l>A6
;
>ABEy=?>
D
>H&57MTM
@
>A=
@
>TIY5H3J>
:
I
;Tj
¡

>

Iﬁ>ABxK?>TIﬀ>
;
3
:
6-,/.10
2435"646
0
287
0
2
.
5:9;28<
.
D
>ﬃ3
U

>
{
9
MWVMOI
9
±m3,>=57=?3
9
6ﬂ8KN=±
9
:
IY6kK?3
D
>
;
K
9
6
;@?
 
D
>H&
w
G7>ﬁﬀ5

5HIY3ﬁK?I
Dr
:
6lwV5BA
D
>
D
K;¸°
U
D
I
9
w->A6W>
j
¡DC
6
7EFG5"6
57MTM
@
>A=>TIﬁ>G>A6
;
:
K?3J>CMO>
;
K
9
6
;
T
:
;ﬁ]
:
r
5º6IH>ﬁﬀ

KN=
;\;
9
6357=
9
I
;
>A6[
97U
@
>
;;
:
I
:
6W>CMTK?yk=?>
BﬃKN6!MO>
D
>MT5HIﬁy
9
6W>

9
:
I4=N>
;DU@
>Tyk5HIﬁIY5
;Y;
>TI
D
>=N>
:
I
;x@
>A=?>AMO3JI
9
6
;Aj
¡

>
;

I
9
3
9
6
;;
9
63U>A6[
97U
@
>
;D
576
;
=?>

IY>ABﬃK?>TI
;
U
6!ML°WI
9
3JI
9
68v=?>KJML$L"N
9O2
.v
]
:
K=?>
;
57MTM
@
>A=>TIﬁ>
T
:
;ﬁ]
:
r
5
:
6W>
@
>A6W>TIﬁwVK?>
D
>P ^>ﬁﬀ
j
¡
r
57MTM
@
>A=
@
>TIY5H3J>
:
I
;
:
K?[H5763Tv2=
r
EFRQS2R69;28<
.@,ﬁ.
ETF/6UE
,
5"7
vV5

=
:
;
KN>
:
I
;
±
9
6!MO3ﬁK
9
6
;Aj
=*Iﬁ>Tw7I
9
:W
>4=?>4±m57K
;
MO>A5
:
>A6

5
]
:
>T3
;D
>
®RV
OKﬀ6 JR##

I
9
3
9
6
;
>T3=?>
;
57MTM
@
>A=>TIﬁ>
T
:
;ﬁ]
:
r
5
:
6W>
@
>A6W>TIﬁwVK?>
D
>G .w
 \>ﬁﬀ
j
=

>TIYBC>T3
@
>TwV57=N>ABC>A63
D
>

I
9
D
:
K?Iﬁ>
D
>
;
±57K
;
MO>A5
:_ 
D
>  
®
 \>ﬁﬀ
D
>Q°!5
:
3J>QKN63J>A6
;
K?3
@
> 
®
ﬀU J
#Wﬃ

I
9
3
9
6
;

w_ 
:3ﬁKN=NK
;*@
>
;
 9 :
IG=N5

I
9
D
:
MO3ﬁK
9
6
Dr
5763ﬁK;

I
9
3
9
6
;
>T3
 9 :
I
Dr
5
:
3JIﬁ>
;
>
 -
@
>TIYK?>A6kMO>
;;
:
IGMTK?y=?>
;
y
 
>
;Tj
#
5ﬃ3JI
9
K
;
K>ABC><±
9
6!MO3ﬁK
9
6>
;
3
Dr
57MTM
@
>A=
@
>TIﬁ>TIE=N>
;

5
]
:
>T3
;\Dr
5763ﬁK;

I
9
3
9
6
;
T
:
;ﬁ]
:
r
5  .w
 ^>ﬁﬀ
 9 :
I^=?>
;
>A6[
9 U
>TIX>A6
;
:
K?3J>
D
576
;
=
r
576!6W>A5
:
D
: 
25:9
. L
F
j
¡

>
;
5763ﬁK;

I
9
3
9
6
;;
9
63MOI
@
>
@
>
;
=
9
I
;D
>U=F5M
9
=N=NK
;
K
9
6
D
:
±m57K
;
MO>A5
:
D
>

I
9
3
9
6
;D
>°!5
:
3J>UKF63J>A6
;
K?3
@
>5b[7>AM
:
6W>ﬀMTK?yk=?>
D
>6kKNMW7>A=vk>T3±
9
MT57=NK
;*@
>
;

5HI
:
6$=?>A63ﬁKN=N=N>\Bx5HwV6
@
>T3ﬁK
]
:
>>A6=NK?3ﬁ°kK
:
B
j-
>ﬀIﬁ>A6
D
>ABC>A633
9
3ﬁ57=
>
;
3\3JIT>
;
±m57KNyk=?>7vk>A6[-K?I
9
6  J  
)
j
>
:
I
D
K
;

>TI
;
K
9
6$>A6(KNB
k:
=
;
K
9
6$=
9
6WwVK?3
:
D
KN6!57=?>>
;
3^IY>A=N5H3ﬁK?[7>ABC>A63
w7IY576
D
>
jV
>
2
J
</F/6/2
.\>
;
3
:
6C57MTM
@
>A=
@
>TIY5H3J>
:
I
D
>±
9
ILBC>3JIYKN576Ww
:
=N57K?Iﬁ>
D
9
63²=?>y
:
3>
;
3
D
>I
@
>
D
:
K?Iﬁ>
MO>
;	D
K
;

>TI
;
K
9
6
;Tj
f=
9 
>TIﬁ>
;
>A=
9
6
D
>
:z 
5
!
I
9
ML°W>
;
ﬂKN=
;
3ﬁ5HykKF=NK
;
>4=
rŁ@
>A6W>TIﬁwVK?>
D
>
;
5763ﬁKS

I
9
3
9
6
;
5
:
3
9 :
I
D
>% ^>ﬁﬀ 5\=
r
57K
D
>
D
>MT5A[-K?3
@
>
;
IL5
D
K
9
 ±mI
@
>
]
:
>A6kMO>
;
>A6
9 
@
>TIL5763
D
>
;
I
9
3ﬁ5H3ﬁK
9
6
;Dr
>
;

57MO>
D
>

°!5
;
>7v2>T3

5HIiIﬁ>T±mI
9
K
D
K
;ﬁ;
>ABC>A63
;
3
9
MY°!5
;
3ﬁK
]
:
>
j
>r±m57K
;
MO>A5
:
>TI
D
57=
9
I
;i;
5
;
3JI
:
MO3
:
Iﬁ>>A6

5
]
:
>T3
;
5
: 
I
9
y!3
Dr
:
6W>ﬀBC>AKN=F=?>
:
Iﬁ>^I
@
>
;
9
=
:
3ﬁK
9
6$>A6
@
>A6W>TIﬁwVKN>
j
¡
r
5 646 <	<ﬁ7T5:9;28<
.ﬀIY> RM
9
K?3=?>\±m57K
;
MO>A5
:
M
9
63ﬁKF6
:
Dr
5763ﬁK;

I
9
3
9
6
;

I
9
[7>A6!5763
D
:

2
J
<ﬁF/6/2
.r>T3=?>
;
3
9
MZ7>

>A6
D
5763

=
:
;
KN>
:
I
;
°W>
:
Iﬁ>
;
T
:
;ﬁ]
:
r
5MO>
]
:
>
;
9
6$KN63J>A6
;
K?3
@
>
;
9
K?3
;
:
B
;
57BﬃBﬃ>A634w7IY576
D
>
j!
>
Iﬁ>T±I
9
K
D
K
;ﬁ;
>ABC>A63
;
3
9
ML°!5
;
3ﬁK
]
:
>
;
>
 9 :
I
;
:
K?3TvW>T3Oyk6!57=?>ABC>A63X=N>
;
5763ﬁK;

I
9
3
9
6
;^;
9
63XIY>Tw7I
9 :W
@
>
;
>A6

5
]
:
>T3
;Tj
¡

>%.
2R6
 6U7T28<
.i>
;
3
:
3ﬁKN=NK
;*@
>
D
>
k:
K
;
®
6w
 9 :
I«57B
@
>A=FK
9
Iﬁ>TI=
r
KN63J>A6
;
K?3
@
>>T3=N5i±
9
MT57=NK
;
5H3ﬁK
9
6
D
:
±m57K
;
MO>A5
:
Dr
5763ﬁKS

I
9
3
9
6
;Tj

9
:
I^MO>A=F5-v
D
>
;
B
@
>T3ﬁ°
9
D
>
;\D
>EIﬁ>T±mI
9
K
D
K
;ﬁ;
>ABC>A63
;
3
9
MY°k5
;
3ﬁK
]
:
>E>T3
D
>EIY>T±I
9
K
D
K
;ﬁ;
>*
BC>A635\=
r
57K
D
>
Dr
:
6r±57K
;
MO>A5
:
Drf@
>A=?>AMO3JI
9
6
;D
>Uº
j
@H>ﬁﬀ
;
9
63
:
3ﬁKN=FK
;@
>T>
;Tj{
9
63JIL57K?Iﬁ>ABC>A63i5^=
r
9
y
T
>AMO3ﬁKN±
KN6!K?3ﬁKN57=
D
:
.
2 6
 6 7 28<
.vH=?>
;

I
@
>AMTK?>
:_ 
5763ﬁK;

I
9
3
9
6
;
Iﬁ>
;
3ﬁ57635X=F5 yk6
Dr
:
6W>

@
>TILK
9
D
>
D
>²M
9
=F=NK
;
K
9
6
;8D
:

>ﬁﬀ	5H3JI
9
6C6!>
;
9
63

5
;
I
@
>
:
3ﬁKN=NK
;@
>
;
>T3KN63
@
>Tw7I
@
>
;
5
:_ 
5763ﬁK;

I
9
3
9
6
;

I
9
[7>A6!5763
D
>=
r
5"646U<</7T5:9;28<
.
j
¡

>
 
25 9
.OL
F
>
;
3r=?>
D
>TIY6!K?>TI
@
>T3ﬁ5Hw7>
D
576
;
=F5$MY°!5C N 6!>
Dr
57MTM
@
>A=
@
>TIY5H3ﬁK
9
6
D
>
;

I
9
3
9
6
;
>T3
D
>
;
5763ﬁK;

I
9
3
9
6
;Tj^r
:
6
D
KN57Bl>T3JIﬁ>
D
>
®
-B$v^KF=E57MTM
@
>A=>TIﬁ>=?>
;

5HIﬁ3ﬁKFM
:
=?>
;
T
:
;ﬁ]
:
r
5v
 \>ﬁﬀ
jL{
>
;
MT5E
IY57MO3
@
>TIYK
;
3ﬁK
]
:
>
;
KFB

9
;
>A63ﬀ=
r
:
3ﬁKN=NK
;
5H3ﬁK
9
6
Dr
:
6BxKN=N=NK?>TI
Dr
57KNBx5763
;ﬀ;
:!
IY5E¸M
9
6
D
:
MO3J>
:
I
;

I
9
D
:
K
;
5763
:
6ML°!57B

Bﬃ5HwV6
@
>T3ﬁK
]
:
>
T
:
;ﬁ]
:
r
5º

>T3Iﬁ>T±mI
9
K
D
K
;

5HI
D
>Q=
r
°
@
>A=NK
:
B|=NK
]
:
K
D
>
j	
>
;

I
9
3
9
6
;
>T3
5763ﬁK;

I
9
3
9
6
;
[
97U
5Hw7>A63>A6
;
>A6
;
9
!
9
;@
>X3
9
:
34>A6

5HIﬁ3ﬁ5Hw7>A5763=?>XB>ABﬃ>^3
:
y >C5E[-K
D
>
j*
>^±m57K
;
MO>A5
:
>
;
3M
9
B

9
;@
>
D
>3JI
9
K
;ﬀ;
:W
>TIR

5
]
:
>T3
;
v >
:_ 
¸B>ABﬃ>
;ED@
>AM
9
:W
@
>
;
>A6
D
9
:
AT>

5
]
:
>T3
;D
>
®RV
O ﬀ_ J
##

I
9
3
9
6
;

9
:
D
>E» ﬀ6 JR#5763ﬁK;

I
9
3
9
6
;

v
9

@
>TIY5763X57KN6
;
K
®
/4wKﬀ
 JﬀM
9
=F=NK
;
K
9
6
;

5HI
;
>AM
9
6
D
>
j!
>
 
2U3
5:9
. L
F
>
;
3
@
>
]
:
K

@
>
D
>=?>A63ﬁKN=N=N>
;
m>A6
;
>ABEy=?>
D
>
]
:
5
D
I
:W

9
=?>
;
±
9
MT57=NK
;
5763,
D@
>T±
9
MT57=NK
;
5763

±
9
MT57=NK
;
5763
=?>
;
±57K
;
MO>A5
:z 
5
:_ 
D
>
:_ ﬃ
9
KN63
;²D
>^M
9
=N=FK
;
K
9
6
;  
>T3

9

:
;
9
63KF6
;
3ﬁ57=N=
@
>
;
=?>
;D
>
:_ 
D@
>T3J>AMO3J>
:
I
;Aj

5C=
:
BﬃKF6
9
;
K?3
@
>\±
9
:
IY6!K?>

5HIi=N>

>ﬁﬀ	5H3JI
9
6
;Jr
>
 -
IYKNBﬃ>\M
9
BxBC>
®7®
ﬂ
  
ﬁﬀ

®
ﬃﬂ
ﬃ

S
ﬂ
ﬃ
ﬀ


?
! 

ﬂ#"%$
»
j
®
j'&

(
&
ﬀ
&

ﬂﬃ
0L}
 "ﬃ
/ª
 $#

9
:
I=?>ﬀI
@
>TwVKNBC>
D
>ﬀ±
9
6kMO3ﬁK
9
6!6W>ABC>A63
D
: X:
6lﬁ5
j
»
j
®
j
®

9

:
±

>
;
3=N5\±mI
@
>
]
:
>A6kMO>
D
>I
@
>T[
9
=
:
3ﬁK
9
6v
*)


ﬀ
)

=?>i6
9
Bry!Iﬁ>
D
>

I
9
3
9
6
;
5763ﬁK;

I
9
3
9
6
;


5HI

5
]
:
>T3
>T3!ﬂ
)
ﬃﬂ
ﬀ
)

=N5X[25HILKN576!MO>
D
>=N5
;
>AMO3ﬁK
9
6
D
>
;

5
]
:
>T3
;D
>

I
9
3
9
6
;
5763ﬁKS

I
9
3
9
6
;

D
576
;
=N>

=F576
9
Iﬁ3ﬁ°
9
w
9
6!57=
5ﬀ=?>
:
I3JIY5
T
>AMO3
9
KNIﬁ>
ja
>
;
3
:
6±57MO3J>
:
I
D
>±
9
ILBC>Iﬁ>A6
D
5763	M
9
B

3J>
D
>=N5ﬀ=
9
6Ww
:
>
:
Iyk6!K?>
D
>
;

5
]
:
>T3
;
ﬃﬂ,+

5
:C
9
KN63
D
>iM
9
=N=FK
;
K
9
6<>T3
D
>=F5\[257=?>
:
I
D
>=N5\±
9
6!MO3ﬁK
9
6
 

v
]
:
KWMT5HIY57MO3
@
>TIYK
;
>^=N5ﬀ±
9
MT57=NK
;
5H3ﬁK
9
6C=
9
6WwVKN3
:
D
KN6!57=N>
D
>
;
±m57K
;
MO>A5
:_ 
>A6MO>

9
KN63
j
r
5

IA>
;
MO>T3J3J>^Iﬁ>A=N5H3ﬁK
9
68v=?>
;

IYKN6!MTK

57=?>
;
=NKNBﬃK?3ﬁ5H3ﬁK
9
6
;	;
:
IU=N5=
:
BxKN6
9
;
K?3
@
>
;
9
63U=F5ﬀ3ﬁ57KN=N=?>
D
>
;
±57K
;
MO>A5
:_ 
>T3=?>C6
9
Bry!Iﬁ>
D
>

5HIY3ﬁKNM
:
=?>
;\D
576
;
=
r
576!6W>A5
:
j {Or
>
;
3ﬀ>*kZ>AMO3ﬁK?[7>ABC>A63r=N>6
9
BEy!IY>
D r
5763ﬁK;

I
9
3
9
6
;ﬀ]
:
K>
;
3
w
®
=?>X±m57MO3J>
:
I=NKNBﬃK?3ﬁ5763
;
:
I=F5r=
:
BﬃKN6
9
;
KN3
@
>^5
: 
>ﬁﬀ	5H3JI
9
6l>T3
]
:
K 5<B
9
3ﬁK?[
@
>ﬀ=?>
;
57B
@
>A=NK
9
IL5H3ﬁK
9
6
;4D
:
Iﬁ>AM
U
MT=N>
:
IAv
9 
@
>TIY5H3ﬁK
9
6!6W>A=
 9 :
I	=?>4I
:
6<ﬁfy
D
>
;
=
rf@
>T3
@
>
®
6 O
j*
>3ﬁ5Hyk=N>A5
:
»
j'&
KN6
D
K
]
:
>=?>
;

IYKF6!MTK

57=?>
;
MT5HIY57MO3
@
>TIYK
;
3ﬁK
]
:
>
;
D
>
;
±m57K
;
MO>A5
:_ 
D
:
>ﬁﬀ	5H3JI
9
6,>T3E=?>
:
I
@
>T[
9
=
:
3ﬁK
9
6
D
>
k:
K
;
=?>
D@
>Ty
:
3
D
:i:
6(
j8
5y!w
:
IY>C»
j
®
j'&
B
9
63JIﬁ>
=
rf@
>T[
9
=
:
3ﬁK
9
6
D
>ﬃ=N5$=
:
BﬃKN6
9
;
K?3
@
>
D
>
:
K
;
=?>
D@
>Ty
:
3
D
:
I
:
6ﬁ
j8
>
;D
9
6!6
@
>T>
;
576!57=
U
;*@
>T>
;rD
576
;
MO>T3J3J>G3ﬁ°Z>
;
>
M
9
IﬁIY>
;
 9
6
D
>A635x=N5

@
>TIYK
9
D
>ﬀ>A63JIﬁ>E5
9

:
3
®
6
®
>T3i5
9

:
3
®
6Hº
j
 
ﬀZ»
j'&
ﬁ
P	

©!

¥

©¥ !
e
!

¥


!


e
 !

©
g
h
e
!Ła -¥

¨ !
e
!ﬀ W©
e
ﬂﬁﬃ h !
{
5HIY57MO3
@
>TIYK
;
3ﬁK
]
:
>
i:
6ﬂ"$#
i:&%
"Ły
X:%
"'"$#
i:%
"'"fy

%
>TIﬁwVK?>
D
>
;
±(#7K
;
MO>)#
:_ 
 \>ﬁﬀ

v
6 v


9
Bry!Iﬁ>
D
>

#
]
:
>*'+
 )-,  ﬀ
)
O
,
O »-O
,
»-O
²I'./*	.
%
+

#HI

#
]102
*'+ 
&
R#

®

®
»
®
O
®
O

%
*ﬁK;

I3./*	.
%
+

#HI

#
]402
*'+
&
 #

»
j'&
O
j
w »
j
º w
j
®

.VBEykI
2EDr
K
%
*
2
I3#7M*ﬁK5.
%
+

#HIiMOI'.VK6+
2
B
2
%
* 
j
6w »
j

®
j
» O
j

 ﬀ!»
j
®
j'&
ﬁGd0Z + -.DS/1 Z!L&J#P+72+ -.Y/;!6 "$0/;D.T#j/c!EDCT#Q"AT#R#
&VT#\+ / 0RAT#R#V5C2"A +4# g#3h32"DSA "!  #%!A Z-*QJ#
Rf=#%D=)0 "ABA0#%$15C "!&
&*2"!3D2"- (9&  "!E! T#R#%$ #%!EA#1Q"/;$0DSAT#R#%$I$0-.AGK02"!
&J#5C2"AI+4#
&VT#%Di#)\Di#%-.A 07 #%!LK,+4#%- 
 5C "-.A+4# ( -.! Aj&*#i5
-./;$2"0RAB/S+
8ﬀ99'8
]
 L}  & Ł  V PVI;:=<
>(>  ?%C A@CB
@EDGFﬂFNIH
J
2LKM2
*
2)N
*
2)0OQP
#
M2
*
M2SR&O
.
R
.+
M2LKUT2
+ V.v/W
R
.
0OXM2
*
0&KY52O[Z
#
R]\
U
+
Y6^102QK2
+
N
.
Z6Z_Y
+
Y
.
%
+
RO
./*	.
%
+,
#
%
*
Y5RO
./*	.
%
+`
2
*
2
%
R
#
O
*
Y6N0&Z6Y52OaZ52
+
R
#
O
*
Y6N0Z52
+
%
.
%
2
%
N
.
O'2SKM2
*
2)N
*
M22
+
N
.bcb
2dZ52 ^10
#
O
*	.
R
`
2
*
Z52
+
R&\eM2
%
.b
T2
%
2
+
T
#
\
#
0
*fba.b
2
%
*g*
O
#
%
+'h
2O
+
2/i 
+'+
2
bkj
ZlM2
#
0QKM2
j
0
*
K2
+f#
%&%
M22
+mV.v6vno`
Y6ZpRU2O
b
Y
*`
N
.
%
T
.
Y
%oq
*
2
b
2
%
*r#ﬀh
2)NdZ62LKM2
*
2)N
*
2)0O {gP

`
K2 KeM2)N
.
0
h
O3Y5O[Z62 ^40
#
O
X*	.
RsT
#
Zt
#
Y6K2LK2
+
K
.
%&%
M22
+
K0

0
%
"
K0
u
2
ﬀ#*
O
.
%
i
"
ZU2
+	*
N
.b
R
.+
M2kK2
*
O
.
Y
+v+	.
0
+
q
2
%
+
2
bwj
Z52
+
N
.
%
N2
%
*
O3Y6^102
+mx
y
#
0cN2
%
*
O32
`
0
%
KeM2
*
2)N
*
2)0OgK2
*
O
#
N2
+
R&Z
.
%z
M2ﬃK
#
%
+
0
%
N3\
#/b
R
bc#
z%
M2
*
Y6^102
x
Y_Z4RU2O
b
2
*
KIt{Y6K2
%
*
Y
y
2O
2
*ﬃb
2
+
0O32OvZt{Y
b
R&0&Z
+
Y
.
%
K2
+
R
#
O
*
Y_N0Z52
+
N3\
#
O
z
M22
+}|
y
Z52
+
U
+	*
T2
b
2XK2~N
#
Z
.
O3Y
b
M2
*
O3Y52
`b
M2
*
\
.
K2K2
+	*
O30&N
*
Y
h
2
`
R
.
0O
b
2
+
0O'2OLZtM2
%
2O
z
Y52XK2
+
M2)Z52)N
*
O
.
%
+`
R&\
./*	.
%
+
2
*
T
2
*'+
\
#
KO
.
%
Y6^102
+p|
y
0
%
+
RU2)N
*
O
.b
T2
*
O'2k2
 
*
2O
%
2
`
K2
+	*
Y
%
M2ﬂT
#
Zt{Y6K2
%
*
Y
y
N
#*
Y
.
%
2
*
Z
#
O'2)N
.
%
+	*
Ol0N
*
Y
.
%
K2
+ﬃb
0
.
%
+
i

y
%
K2
+
t
#
K
#
R
*
2OﬂT
#
Zt
#
0
z
b
2
%
*'#*
Y
.
%
K2cZ
#
Z60
b
Y
%
.+
Y
*
M2aY
%
+	*'#
%
*'#
%
M222
*
KIt
#/b
M2)Z_Y
.
O'2OkZ62
+mb
2
+
0O32
+
K2
ROoM2)NY
+
Y
.
%
`
Z62
+r+	.
0
+
q
KM2
*
2)N
*
2)0O
+.
%
*+
0
j
YfR&Z60
+
Y52)0O
+abc.
KY
y
N
#*
Y
.
%
+
R
.
0O[Z52dKeM2
b[#
O'O
#
z
2K0

0
%
"3"
i
w/W
C %
+'.
ZlM2
%
. N
K2
+
0R&O
#
q
N
.
%
K0N
*
2)0ORO
.
K0&Y
+'#
%
*
0
%
N3\
#/b
R
bc#
z%
M2
*
Y_^402aK2
u
#r#
Y
%
+
Y M2
*
M2
# T .
0
*
M2
|
Z
#
Nl\
#/bwj
O'2dT
#
KM2O3Y
h
2
#
M2
*
M2[O32
b
R&Z
#
N]M22cR
#
Om0
%
KM2
*
2)N
*
2)0OkK2
h
2O
*
2
 
2
%
+
Y6Z6Y6NY60
b
2
*
0
%
*
O
# T
2)N
*	.
z
O
#
R&\2
T
#y&j
O'2
+c+
NY
%
*
Y6Z_Z
#
%
*
2
+
iP2
+
KM2
*
2)N
*
2)0O
+
K2LR]Y52)K
+
K2
z
2O
j
2
.
%
M2
*
M2
# T .
0
*
M2
+ﬂ#
y
%
KIt
#/b
M2)Z_Y
.
O'2OrZ
#
O'2
q
N
.
%
+'*
O30N
*
Y
.
%
K2
+
M2)Z62)N
*
O
.
%
+
2
*
Z52)0OK&Y
+
NO3Y
b
Y
%
#*
Y
.
%
R
#
O O
#
RR
.
O
*#
0
 
R&Y
.
%
+
i
J
2
+
U
+	*
T2
b
2 T
#rb
0
.
%
+ #
M2
*
M2 M2
*	.
k
M2
#
Z
.
O
+
^40 t{0
%
2
bc# T
2)0O'2aR
#
O
*
Y62GK2cZtM2)Z52)N
*
O
.
%
Y6^102cK0N
#
Z
.
O3Y
b
T2
*
O'2
#
M2
*
M2rO'2
b
R&Z
#
N]M22rR
#
Om0
%
+
U
+	*
T2
b
2 R&Z60
+
O
#
R&Y6K2
#
y
%
K2kR
#
Z6Z6Y52OvZ
#
KY
b
Y
%
0
*
Y
.
%
KIt{0
%
#
N
*
2)0O
Vn
K0
*
2
b
R
+
K2wNO
.
Y
+
2
b
2
%
*
2
%
*
O'2
Z52
+

#
Y
+
N2
#
0
 
i=
%
y
%
`
K2
+
KeM2
*
2)N
*
2)0O
+
T
#
RO
./*	.
%
+v.
%
*
M2
*
M2GY
%
+	*'#
Z6Z M2
+
T
#
z
O
#
%
K2 O
#
R]Y6KY
*
M2 R
.
0OﬂM2
*
0KY62OﬃZ
#
R&\
U
+
Y6^102 K&Y
k
O
#
N
*
Y
h
2/i
J#Iy
z
0O'2
W
i
W
i

bc.
%
*
O'2k0
%
2mN
.
0RU2mZ
.
%z
Y
*
0KY
%
#
Z62K0LKeM2
*
2)N
*
2)0O P i
Tracking System: Silicon, Fiber Tracker,
Solenoid, Central & Forward Preshowers
Shielding
Fiber Tracker/Preshower VLPC Readout System
N S
Muon Toroid
Muon Scintillation
CountersForward Mini-
Drift Tubes
PDTs
Platform
CC
EC EC

	W
i
W
i

(i5
AT3D"DﬀﬁBH Tﬂﬃ"D1[ !
"

"
T%D#$ﬁ\D#CA 07%ﬀ (& A,]
J
2wKeM2
*
2)N
*
2)0O R
.+'+
T2)K2 0
%
2
+
U
b
M2
*
O3Y52 N
U
Z6Y
%
KO3Y6^102

\
.
O
b
Y
+
Z52
+
KeM2
*
2)N
*
2)0O
+
T
#cb
0
.
%
+

R
#
OO
#
RR
.
O
*
T
#
Zt
#
 
2 K2
+

#
Y
+
N2
#
0
 
i
J
2
+

#
Y
+
N2
#
0
  %
2
+'.
%
*
R
#/+
R
.
Z
#
O3Y
+
M2
+
2
*r+	.
%
*r+
U
b
M2
*
OlY6^402
+
2
%
M2
%
2O
z
Y62
x
Z52
KeM2
*
2)N
*
2)0O2
+	*ﬃ+
U
b
M2
*
O3Y6^102
+
2)Z
.
%
Z52 R&Z
#
%
b
M2)KY
#
%
T
#
Zt
#
 
2mK2
+

#
Y
+
N2
#
0
 
i
J
2
+
U
+	*
T2
b
2wK2mN
.1.
O3K
.
%&%
M22
+
N
U
Z6Y
%
KO3Y6^102
+
2
+	*
KeM2
y
%
YR
#
OGZt
#
 
2
(' A

KY6O3Y
z
M2
+
2)Z
.
%
Z52
+
2
%
+
K2NY5OlN0Z
#*
Y
.
%
K2
+
RO
./*	.
%
+
i
"
ZeKM2
y
%
Y
*
#
0
+3+
YfZ52QR&Z
#
%
*
O
#
%
+	h
2O
+
2 K
#
%
+
Z62)^402)Z
+'.
%
*b
2
+
0OoM22
+
Z52
+
Y
b
R]0Z
+
Y
.
%
+
2
*
M2
%
2O
z
Y52
+c*
O
#
%
+	h
2O
+
2
+ 
R*)
2
*

)

i
J#
KY5O'2)N
*
Y
.
%
K2
+G./j
T
2
*'+
K
#
%
+
Z52ﬂR&Z
#
%
*
O
#
%
+	h
2O
+
2Q2
+	*
O32ReM2O1M22 R
#
OcZt
#
%z
Z52
#BA
Y
b
0
*'#
Z
%
./*
M2
+
i
%
R&\
U
+
Y6^102 K2
+
N
.
Z6Z6Y
+
Y
.
%
+
\
#
KO
.
%
Y6^102
+`
R&Z60
*3./*
^102cZt
#
%z
Z62kR
.
Z
#
Y5O32-,QZ52
+
R]\
U
+
Y6NY52
%
+
ROoM2

T2O'2
%
*
0
*
Y_Z6Y
+
2OZ
#
R
+
2)0K
.
q
O
#
R&Y_KY
*
M2/.
`
^40
#
%
*
Y
*
M2LM2)^10Y
h#
Z52
%
*
2 T
#
Z
#
O
#
R&Y6KY
*
M2/0
`
Y
%
h#
O3Y
#
%
*
2vK2
J .
O32
%
*A/`
R
.
0OK2
+
R
#
O
*
Y6N0Z52
+
0Z
*
O
#
q
O'2)Z
#*
Y
h
Y
+	*
2
+ x
.
21
Z
%
(*'#
%
,


+434563 7#8:9
8 +<; 7#3 =>34?7
8A@BDCEFHG
#
1JI
0

V

Z
%
ﬁ
SLKNM
ﬁ
1
KPO
{e2
*	*
2^40
#
%
*
Y
*
M2RU2O
b
2
*
K2[KM2)NO3Y5O'2Z
#
KY
+	*
O3Y
j
0
*
Y
.
%
K2
+
R&O
.
N2
+3+
0
+mb
0Z
*
Y
T
2
*'+cx
Z52)0O
+
2)N
*
Y
.
%
2
B
N
#
N2
KY
k
M2O'2
%
*
Y52)Z6Z522
%Q
.
%
N
*
Y
.
%
K2R. 2
+	*
2
%
2
k
2
*
N
.
%
+	*'#
%
*
2
+
0O 0
%
2 Z
#
O
z
2 R&Z
#
z
2 2
%
.]iE
%mz
M2
%
M2O
#
Z
`
Z
#
^40
#
KO3Y
q
Y
b
R&0Z
+
Y
.
%
KIt{0
%
2cR
#
O
*
Y6N0Z52r2
+	*
K
.
%%
M22ﬂ2
%S
.
%
N
*
Y
.
%
K2ﬂZt
#
%z
Z52
#BA
Y
b
0
*'#
Ze2
*
K2ﬂZ
#
R
+
2)0K
.
q
O
#
R&Y6KY
*
M2
R
#
O
x
KNT
x
UV
V
W
ﬁ
KNX

ﬁ+
Y
%
,N
.+
+
KJY

ﬁ +
Y
%
,
+
Y
%
+
K:M

ﬁ
N
.+
,
Z\[
[
]

UV
V
W
ﬁ
^
X

ﬁ
N
.+
+P_
N
.+
\`.
^
Y

ﬁ +
Y
%
+P_
N
.+
\a.
^
M

ﬁX*'#
%
\/.
Z\[
[
]
b!c
% &%
Z52
+g./j T
2
*'+
O'2)N
.
%
+'*
O30Y
*'+
K
#
%
+
Z62mKM2
*
2)N
*
2)0OﬃRU2)0
h
2
%
*
2
*
O'2wZ
.
N
#
Z6Y
+
M2
+
K
#
%
+
Z52 R&Z
#
%
.
V
+

`
2
*
Zt
.
%
RU2)0
*
KeM2
 &%
Y5O Z
#fh#
O3Y
#j
Z62

N
.bcb
2eZ
#
KY
+	*'#
%
N22
%
*
O'2K2)0
 
./j T
2
*'+
K
#
%
+
N2R]Z
#
%
x



.
ﬃ
S 
+
ﬃ
i
>(>   I
	 I D UB

 0-R&Z60
+
RO)T2
+
K0

#
Y
+
N2
#
0
+
2
*
O
.
0
h
2
%
*
K2)0
 
KM2
*
2)N
*
2)0O
+
K2
*
O
#
N2
+

#
H
u
2
*%

u

2
*
Zt
#
Y
bc#
%
*
+	.
Z M2
%
. N
K
#
Zi
"
Z
+
RU2O
b
2
*	*
2
%
*
K2aO'2)N
.
%
+	*
O30Y5O32GZ62
+ *
O
#
N2
+
K2
+
R
#
O
*
Y_N0Z52
+
N3\
#
O
z
M22
+
2
*
K2
b
2
+
0O32OmZ52)0O
Y
b
R&0Z
+
Y
.
%
`
Z52
+ h
2O
*
2
 
RO3Y
bc#
Y5O'2
+
Y
+'+
0
+
K&0GRO
.
N2
+'+
0
+
K0O 2
*
K2
+
Y
%
*
2O
#
N
*
Y
.
%
+
K2
j
Y
#
Y
+ b
Y
%
Y
b
0
b
2
*
Z52
+
h
2O
*
2
 
+
2)N
.
%
K
#
Y5O32
+
i
"
Z
+
K
.
Y
h
2
%
*
OoM2R
.
%
KO32 T
#
Z
#
%
M2)N2
+'+
Y
*
M2mK2 N
.
0
h
O3Y5OeZ
#A.
%
2 Z60
b
Y
%
2)0
+
2

K2Z
.
%z
02)0O

Wn
N
b

 q 
M22aR
#
OmZ52
+
K&Y
b
2
%
+
Y
.
%
+
K2
+

#
Y
+
N2
#
0
 
` #ﬀh
2)Nc0
%
2aZ
#
O
z
2
#
NN2R
*'#
%
N2
T
0
+
^10It T
#
.
8$7W
 b
#
 &%
KIt

2
*
O'2
b
Y
+
2
%
N
. N
%
NY6K2
%
N2
#ﬀh
2)N-Z52
+r#
0
*
O'2
+r+'.
0
+
q
KeM2
*
2)N
*
2)0O
+
i
J
2
+bc#*
M2O3Y
#
0
 
Nl\
.
Y
+
Y
+
K
.
Y
h
2
%
*
+
0RR
.
O
*
2O Z62
+
\
#
0
*
2
+
K
.+
2
+
K2aO
#
KY
#*
Y
.
%
K&0

0
%
"'"v*	.
0
*
2
%
.
O
#
%
*
0
%
2 RU2O
*
2aZ6Y
%
M2)Y6^402 KIt M2
%
2O
z
Y52
#
0
+3+
Y

#
Y
j
Z52 ^402 R
.+3+
Y
j
Z52/i
J#
 z
0O'2
W
i
W
i
W
K
.
%%
2 0
%
2
h
02mKIt 2
%
+
2
bwj
Z52mK0
*
O
# T
2)N
*	.
z
O
#
R&\2/i

	W
i
W
i
W

!ﬁﬀﬂﬁﬂ/ﬃ! !
"#"
&$  /&
"&%
ﬀ'ﬃ)(<ﬀ+*ﬀ,ﬃ
"
  -(
"
.(<0/
%
ﬃ ﬁﬃ
%
-( 
"

"
ﬁ1ﬃ#$ﬁ2ﬃ#
%
0 743
J
2
#
H
u
25
68796

:;=<
6

)>: -? 
6A@ 
$
CB
!


2
+	*mj&#/+
M2
+
0OmZ52aROlY
%
NY5RU2kK2

.
%
N
*
Y
.
%%
2
b
2
%
*
K2
+k+
2
b
Y
q
N
.
%
K&0N
*
2)0O
+
K
.
ReM2
+
R
q %D
KY
.
K2
+
R
.
Z
#
O3Y
+
M22
+
2
%
Y
%
h
2O
+
2

i
J .
O
+
^40 t{0
%
2aR
#
O
*
Y_N0Z52cN3\
#
O
z
M22
*
O
#)h
2O
+
2Z52
+
Y_Z6Y6NY60
bL`
2)Z6Z52 NOoM22k2
%
ba.
U
2
%%
2w0
%
2 R
#
Y5O'2SM2)Z52)N
*
O
.
%q
*
O
.
0LR
.
0O
W
i
O
2
ﬀ
K tM2
%
2O
z
Y52wKeM2R
.+
M22/i
J
2wN3\
#/b
R
M2)Z52)N
*
O3Y_^402 R&O
.ﬀh
2
%
#
%
*
K2mZ
#k*
2
%
+
Y
.
%
K2mKeM2
+
2O
*
Y
.
%
RU2O
b
2
*
K2
+
M2R
#
O32ON2
+
R
#
Y6O'2
+
i

2
+
K2O
%
Y T2O'2
+f+	.
%
*
N
.
Z6Z62)N
*
M22
+#
0
jU.
0
*
K2

%
+
R
.
0OaZ52
+
M2)Z52)N
*
O
.
%
+
2
*
 b
%
+
R
.
0OcZ52
+G*
O
.
0
+`#
0
 
jU.
O
%
2
+
K2
+
KY
.
K2
+
+
R
#*
Y
#
Z52
b
2
%
*
RO
.
N3\2
+
K0QKM2R
./*
K tM2
%
2O
z
Y52/i

z
2
%
N&M2 K2
bc#
%
YT2O'2QT
#[#ﬀh/.
Y5O 0
%
2
jU.
%%
2m\2O
b
M2
*
Y_NY
*
M2
`
N2 KM2
*
2)N
*
2)0O 2
+	*
N
.b
R
.+
M2 K2
Ocj&#
O3Y6Z6Z62
*'+
KIt{0
%
O
#
U
.
%
Y
%
*
2O
%
2dK2

i
&
N
b
2
*
KIt{0
%
O
#
U
.
%
2
 
*
2O
%
2dK2
Vn
i
b
N
b
R&Z
#
N&M2
+[#
0
*	.
0OrK0
*
0
j
2T
#h
Y_K2LK0
u
2
ﬀ#*
O
.
%
2
*
N
.b
R&Z M2
*
M2
+
R
#
O
O
KY
+
^402
+ﬃh
2O
*
Y_N
#
0
 
Y
%
*
2O3N
#
Z M2
+
2
%
*
O'2aN3\
#
^102
j&#
O3Y_Z6Z52
*
iFE
.
0O
#/b
M2)Z6Y
.
O'2O
Zt
#
NN2R
*'#
%
N2K0
bc.
K0&Z52fN2
%
*
O
#
Z
`&Vn
KY
+
^402
+ h
2O
*
Y6N
#
0
 
+	.
%
*
Y
%
+	*'#
Z_ZlM2
+#
0
 
2
 
*
OoM2
b
Y
*
M2
+
K2Zt 2
%
+
2
bkj
Z52/i

2cK&Y
+
R
.+
Y
*
Y

RU2O
b
2
*
Z
#
O'2)N
.
%
+'*
O30N
*
Y
.
%
K2
+ *
O
#
N2
+
T
0
+
^40It T
#G
.
8$7+ WsW
i
J#
 z
0O'2
W
i
W
i
c
ba.
%
*
O32c2
%
*
O
.
Y
+
KY
b
2
%
+
Y
.
%
+
Z
#k+	*
O30N
*
0O32 K0
#
H
u
i
J#
O1M2
+	.
Z60
*
Y
.
%
+
R
#*
Y
#
Z52
+
0OgZ
#
R
.+
Y
*
Y
.
%
K2 Zt{Y
b
R
#
N
*
2
%
*
O'2 Z
#
R
#
O
*
Y6N0Z52g2
*
Z
#
R&Y
+	*
2vK2
+
Y6Z6Y6NY_0
b
2
+'*b
2)Y6Z_Z52)0O'2g^402

nIH b 

W

i
J#
O
#
R&Y6KY
*
M2vK2
+
RO
.
N2
+'+
0
+
R&\
U
+
Y6^102
+
b
Y
+
2
%
T
2)0SK
#
%
+
N2GKM2
*
2)N
*
2)0OmRU2O
b
2
*
KIt 2
%
h/.
U
2OwZ52
+
Y
% 
.
O
bc#*
Y
.
%
+
K0
#
H
u
#
0
 
R&O'2
b
Y52O
+
%
Y
h
2
#
0
 
K0-KeM2)NZ52
%
N3\2
b
2
%
*`
2
*
K2aZ52
+
0
*
Y6Z_Y
+
2O
#
0
%
Y
h
2
#
0

#
RO)T2
+
%
0
b
M2O3Y
+'#*
Y
.
%
iJE
.
0OkZ52

0
%
"'" j `
Z52
#
H
u
+
t 2
+'*h
0
#
T
.
0
*
2Of0
%
2 N
.
0N3\2
+
0RR&Z M2
b
2
%
*'#
Y5O'2 K2
+
Y6Z6Y6NY60
b
2
%
N
.
O'2 R&Z60
+
R&O
.
Nl\2 K0
*
0
j
2aT
#wh
Y6K2/i

2
*	*
2
N
.
0Nl\2
nk#
R
.
0O
j
0
*
K2 N
.b
Rp2
%
+
2OfZ52
h
Y52)Y6Z_Z6Y
+'+
2
b
2
%
*
K2
+g#
0
*
O32
+
N
.
0N3\2
+f+'.
0
+
Zt 2

2
*
K2
+
O
#
KY
#*
Y
.
%
+
b b
2*
K2
+
RU2O
*
2
+
K2
+
N
#
%
#
0
 
K2wZ52)N
*
0O'2/i

	gW
i
W
i
c 
( /
%
ﬁﬃ&ﬃﬀL

0
"
 ﬃ
2

%
 (,( 1ﬃ	
"
 1 !
  'ﬃ#
%
  
 1ﬃ
"
 2 !  &ﬃ#
%
  

ﬁ(ﬀﬂ /ﬀ#ﬁ
"
L< ﬀ
8
ﬁ(ﬀ ﬁﬀ!
"
6ﬂ &#ﬁD 
"
 ﬁ2ﬃ#
%
R( ﬂ)/( Rﬀ
"
ﬀ

( L>ﬁ
J
2
%

u
 !
; ? 	
7 6 	!


$
CB
6
;

N
.b
R&ZT2
*
2[Z52
#
H
u
R
.
0OmZ
#
O'2)N
.
%
+	*
O30N
*
Y
.
%
K2
+ *
O
#
N2
+
K
#
%
+
Z
#
R
#
O
*
Y62 N2
%
*
O
#
Z52 K0KM2
*
2)N
*
2)0O


.
8$7W

n

i

t 2
+'*
0
%
KeM2
*
2)N
*
2)0OﬃN
.b
R
.+
M2mK2

N
U
Z6Y
%
KO'2
+
N
.
%
N2
%oq
*
O3Y_^402
+
2
%  
j
O32
+
K2[N
#
O
jU.
%
2
+
0OwZ52
+
^102)Z6Z62
+m+	.
%
*
 z 
M2
+
K2)0
 
K
.
0
j
Z52
*'+
K2
 
j
O'2
+m+
NY
%
*
Y_Z6Z
#
%
*
2
+`
Zt{0
%
M2
*'#
%
*.
O3Y52
%
*
M2
+
2)Z
.
%
Zt
#
 
2
A/`
ZCt
#
0
*
O'2

.
O
bc#
%
*
0
%
#
%z
Z52eK2
S
Wﬃ.
0
q
W
K2
z
O1M2
+#)h
2)Ng2)0
 
R
.
0O}O'2)N
.
%
+	*
Ol0Y5O'2
0
%
2
*
O
#
T
2)N
*	.
Y5O'2w2
%
*
O
.
Y
+
KY
b
2
%
+
Y
.
%
+
i

2
+
 
j
O'2
+
K2
/W
b
H
K2mKY
#/b
T2
*
O'2
+	.
%
*
2
%
R
.
Z
U
+	*
U
O)T2
%
2mK
.
ReM2
T
#rV
K2R
#
O
#*
2O'R&\eM2
%
U
Z
`
2
*
Rp2O
b
2
*	*
2
%
*
Z
#m+
NY
%
*
Y6Z_Z
#*
Y
.
%
K
#
%
+
Zt{0Z
*
O
#
q
h
Y
.
Z62
*
ﬀ

W
c
n
%
b

R
#
Oﬂﬁ&0
.
O'2
+
q
N2
%
N2/i
C %
N
.b
R
.+
M2ﬃﬁ&0
.
OoM2

W
q
\
U
KO
.
 
U
ﬁ
#)h/.
%
2

RO1M2
+
2
%
*
2
%L
#
Y
j
Z52w^10
#
%
*
Y
*
M2 K
#
%
+
N2
+
 
j
O'2
+#j&+	.
O
j
2
N2
*	*
2ﬂO
#
KY
#*
Y
.
%
2
*
Z
#
OoM2pM2
b
2
*
K
#
%
+
Z62
h
Y
+
Y
j
Z62
ﬀ

b
Wn
%
b

i

\
#
^102
 
j
O'2
+
NY
%
*
Y6Z_Z
#
%
*
2[2
+	*
N
.
0R&ZlM22
T
#
0
%
2
 
j
O'2
*
O
#
%
+
R
.
O
*'#
%
*
Z
#
Z60
b
YT2O32
h
2O
*
2
T
0
+
^40 t T
#
0
%
R&\
./*	.
q
N
.b
R
*
2)0OG^10Y
#/+'+
0O'2ﬂZ
#
N
.
%
h
2O
+
Y
.
%
K2
+
R&\
./*	.
%
+
2
%
+
Y
z%
#
ZvM2)Z52)N
*
O3Y6^102/i
J
2
+ ﬀ J
E


ﬀ
Y
+
Y
j
Z52
J
Y
z
\
*
E \
./*	. e.
0
%
*
2O

0
*
Y6Z_Y
+
M2
+g#/+'+
0O'2
%
*
0
%
2
2
B
N
#
NY
*
M2 ^40
#
%
*
Y6^102fK2
n
T
#
N2
+
Z
.
%z
02)0O
+
K t
.
%
K2g2
*
K2
+
z
#
Y
%
+
K2fZt
.
O3KO'2fK2
Vn! 
i
"
Z
+

.
%
N
*
Y
.
%%
2
%
*
T
#
K2
*
OT2
+gj&#/+'+
2
+e*
2
b
RgM2O
#*
0O'2
+

Vn#"

#
 &%
K2 O1M2)K0Y5O'2 Z52
j
O30Y
* *
\2O
b
Y6^102
`
N2 ^10Y
%
M2)N2
+'+
Y
*
2 Zt{0
*
Y6Z6Y
+'#
q
*
Y
.
%
KIt{0
%
+
U
+	*
T2
b
2 K2O'2

O
.
Y6KY
+'+
2
b
2
%
*
NO
U
.
z
M2
%
Y6^402/i
J
t 2
B
N
#
NY
*
M2mK2ﬃKeM2
*
2)N
*
Y
.
%
2
+	*
KeM2
*
2O
b
Y
%
M22aT
#
R&Z60
+
K2%$#$
`
R
.
0O 0
%
2 OoM2
+	.
Z60
*
Y
.
%
+
R
#*
Y
#
Z62 Y
%*
M2O3Y52)0O'2QT
#-Vn/n H b
i
J}#
O
#
R&Y6KY
*
M2GK2
+
RO
.
N2
+'+
0
+
R&\
U
+
Y6^102
+
b
Y
+
2
%
T
2)0LK
#
%
+
Z52
%

u
2
*
Z
#
O
#
R&Y6KY
*
M2 K0
*
O
#
%
+

2O
*
Z52mZ
.
%z
K2mZ
#
Nl\
#C N
%
2mK t
#
N^40Y
+
Y
*
Y
.
%
RU2O
b
2
*	*
2
%
*
KIt{0
*
Y6Z6Y
+
2OgN2
+
Y
% 
.
O
bc#*
Y
.
%
+
KIT2
+
Z52 RO'2
b
Y62O
%
Y
h
2
#
0LK2wKeM2)NZ62
%
N3\2
b
2
%
*
i
J
2
+'.
ZlM2
%
. N
K2 2
+	*
Y
%
KY
+
RU2
%
+'#j
Z52wT
#
Z
#kb
2
+
0O'2 K2 Zt{Y
b
R]0Z
+
Y
.
%
+
K2
+e*
O
#
N2
+
i
"
ZUN
.
0O
j
2 Z
#k*
O
#
T
2)N
*	.
Y6O'2
K2
+
R
#
O
*
Y_N0Z52
+
N3\
#
O
z
M22
+#)h
2)N 0
%
O
#
U
.
%
M2
z
#
Z T
#
 
b


Vn
_
W
R*)


2
ﬀ
_
N

_


u

R
.
0Oe0
%
2 Nl\
#
O
z
2 K2
&('
i
J#w*'#
Y6Z6Z52vK2ﬃN2
*e#
Y
bc#
%
*
2
+	*
Z6Y
b
Y
*
M22vR
#
OeZt 2
+
R
#
N2 KY
+
R
.
%
Y
j
Z52 T
#
Zt{Y
%
*
M2OlY52)0OK&0cN
#
Z
.
O3Y
b
T2
*
O32
x

i
&mb
K2mZ
.
%z
02)0OgR
.
0O
n
i
&Gb
K2 O
#
U
.
%
i
e.
%
+	*
Y
*
0M2mKIt{0
%
#
Z6Z6Y
#
z
2
+
0RO
#
q
N
.
%
K0N
*
2)0OkT
#Gj&#/+3+
2
*
2
b
RgM2O
#*
0O'2
KIt
#
Z_0
b
Y
%
Y_0
bQ`
K2aN0Y
h
O'2
`
K2
%
Y
./j
Y60
b
2
*
K2
*
Y
*'#
%
2
`
Y6Z Rp2O
b
2
*
KItM2
*'#j
Z6Y5Om0
%
N3\
#/b
R
b[#
z%
M2
*
Y6^402[K2
ru
0
%
Y

.
O
b
2T
#n
i
b

ROT2
+
i
J
2 N3\
#/b
R-OoM2
+
Y_K02)ZeT
#
Z
#r+
0O

#
N2w2
 
*
2O
%
2aK0dN
#
Z
.
O3Y
b
T2
*
O32 2
+'*
KIt 2
%
h
Y5O
.
%
n
i
nW
u
i
J
2
+	.
Z52
%
. N
K2
T
.
02
#
0
+'+
Y Z52 O
.
Z52aK2
b
Y6Z_Y52)0
#j]+	.
O
j
2)0O
x
Z62
+
z
2O
j
2
+
M2)Z62)N
*
O
.bc#
z%
M2
*
Y6^102
+
RU2)0
h
2
%
*
N
.bcb
2
%
N2OfT
# +
2gKM2
h
2)Z
.
RRU2O K
#
%
+
N2
*	*
2gOoM2
z
Y
.
%
R&0&Y
+
^102Z52
+'.
ZlM2
%
. N
K2
#
0
%
2GM2R
#
Y
+
2)0O KIt 2
%
h
Y5O
.
%
n
i)$+*

R
.
0O

.
 W V

O

J#
Z
.
%z
02)0OfK2 O
#
K&Y
#*
Y
.
%
`
*

2
+	*
Z
#
KY
+'*'#
%
N2
ba.
U
2
%&%
2m^402 R
#
O3N
.
0O
*
Z
#
R
#
O
*
Y6N0Z52
`
K
#
%
+
0
%
bc#*
M2O3Y
#
0LK
.
%%
M2
`&#)h#
%
*
K2 RU2O3KO'2
O/W,

V-
2/.vK2
+	.
%
M2
%
2O
z
Y52
`
R
.
0OfZ
#
RU2O
*
2mKIt M2
%
2O
z
Y62mR
#
O
O
#
K&Y
#*
Y
.
%
.li
b
O
>(> >  ﬂ IH A@ FﬁA@
J
2
+
U
+	*
T2
b
2ﬃN
#
Z
.
O3Y
b
M2
*
O3Y6^102vK2vP 2
+	*
Z52fR
.
Y
%
*

.
O
*
K2vZt 21RgM2OlY52
%
N2/i
"
%
Y
*
Y
#
Z62
b
2
%
*
N
.
%
R
N0[2
%
Zt
#j
q
+
2
%
N2 K t{0
%
Nl\
#/b
R
bc#
z%
M2
*
Y_^402mN2
%
*
O
#
Z
`
Y6Z
#
K2)0rO
	
.
Z52
+

.
%
K
#/b
2
%
*'#
0
x
Z
# b
2
+
0O32 K2 Zt M2
%
2O
z
Y52 K2
+
R
#
O
*
Y6N0Z52
+
M2)Z52)N
*
O
.bc#
z%
M2
*
Y_^402
+
2
*
K2
+
\
#
KO
.
%
+U|
2
*
Zt{Y6K2
%
*
Y
 
N
#*
Y
.
%
K2
+
M2)Z62)N
*
O
.
%
+`
R&\
./*	.
%
+` b
0
.
%
+
2
* T
2
*'+
ROoM2
+
2
%
*'+
K
#
%
+
Zt M2
h
M2
%
2
b
2
%
*
i
"
Z2
+'*
N
.b
R
.+
M2LK2ﬂ^10
#*
O'2
+	.
0
+
q
+
U
+	*
T2
b
2
+Lx
Z52
+
KeM2
*
2)N
*
2)0O
+
K2
R&Y62)K
+
q
K2
qCz
2O
j
2
+`
Z52
+
N
#
Z
.
O3Y
b
T2
*
O'2
+
M2)Z52)N
*
O
.bc#
z%
M2
*
Y_^402
+)`
\
#
KO
.
%
Y6^102
+
 ]%
+`
2
*
\
#
KO
.
%
Y6^102
+
z
O
.+'+
Y62O
+
i
"
Z
+v+	.
%
*
O1M2R
#
O
*
Y
+
2
%
0
%
*	.
%%
2
#
0SN2
%
*
O
#
Z


.
8$7 V
.
`
0
%
2mOoM2
z
Y
.
%
Y
%
*
2O
b
M2)KY
#
Y5O'2

V 
.
8(7C V

W
.
2
*
K2)0
jU.
0Nl\
.
%
+

V

W 
.
8$7C
c
.
`
N
.bcb
2wY_Z6Z60
+	*
OoM2
+
0OvZ
#
 z
0O'2
W
i
W
i
b
i

	kW
i
W
i
b 
IJ-(<
%
 ﬂ1ﬃ
%

"

"
ﬁ1ﬃ#$ﬁ2ﬃ#
%
0 743 $P
"
  ﬃ C*ﬀ! (< /
%
ﬃSﬁﬃ
%
-(  1ﬃ
( %ﬁ(-(<
%
 ﬂ1ﬃ
%


ﬀ ﬁﬀ  !ﬀN 0ﬀ2(<1/-/ ﬁ
"
 !
( 
%
ﬁ
%
ﬀ ﬃ&ﬃ 3
J
2
+
KM2
*
2)N
*
2)0O
+
K2GR&Y52)K
+
q
K2
qCz
2O
j
2
+`].
0-R&O1M2
q
M2)Nl\
#
%
*
Y6Z6Z
.
%%
2)0O
+`U.
%
*
M2
*
M2Y
%
+	*'#
Z6Z M2
+
R
.
0O Z52

0
%
"3"
K0
u
2
ﬀ#*
O
.
%
i
"
Z
+ .
%
*
M2
*
M2[N
.
%
R
N0
+ #
 &%
KIt
#/b
M2)Z6Y
.
O'2OmZCt{Y6K2
%
*
Y
 
N
#*
Y
.
%
2
*
Z52
+
O1M2
+	.
Z60
*
Y
.
%
+
2
%
M2
%
2O
z
Y52G2
*
R
.+
Y
*
Y
.
%
K2
+
M2)Z62)N
*
O
.
%
+
2
*
K2
+
R&\
./*	.
%
+)`
KeM2
z
O
#
KM22
+
R
#
OZ
#
RO1M2
+
2
%
N2wK&0
+'.
ZlM2
%
. N
K2/i
"
Z
+
R
#
O
*
Y_NY5RU2
%
*g#
0
KeM2)NZ52
%
N3\2
b
2
%
*
KIT2
+
Z52
%
Y
h
2
#
0
J V
2
*
T
#
Z
#
O'2)N
.
%
+	*
O30&N
*
Y
.
%
K2
+ ./j
T
2
*'+`
T
#
Z
#

.
Y
+
N
.bcb
2 N
#
Z
.
O3Y
b
T2
*
O'2
+
2
*
KeM2
*
2)N
*
2)0O
+
K2
*
O
#
N2
+
i
J
2aROoM2
q
M2)Nl\
#
%
*
Y_Z6Z
.
%%
2)0OwN2
%
*
O
#
Z


E
#
R
.
0O

!
; ? 	
7

!$#
5
:
!

. N
.
0
h
O'2cZ
#
R
#
O
*
Y52wN2
%
*
O
#
Z52GK0 KeM2
*
2)N
*
2)0O


.
ﬃW V

V
.f2
*
2
+	*+
Y
*
0M2k2
%
*
O'2 Zt
#
Y
bc#
%
*
2
*
Z52wNO
U
.+'*'#*
K&0 N
#
Z
.
O3Y
b
T2
*
O'2
N2
%
*
O
#
Zi
J
2
+
ROoM2
q
M2)N3\
#
%
*
Y6Z6Z
.
%%
2)0O
+ #ﬀh #
%
*



E
#
R
.
0O

.
O
#
O3KEO'2
qﬁﬀ
\
.
e2O .
+	.
%
*
 
 M2
+ +
0O Z62
+ﬃjU.
0
q
Nl\
.
%
+
K2
+
N
#
Z
.
O3Y
b
T2
*
O'2
+
T
#V
 b
W 
.
8$7 W
 b
i

2
+
KeM2
*
2)N
*
2)0O
+k+'.
%
*
N
.
%
+'*
Y
*
0M2
+
K2
W


E
ﬀ
.
.
0






E
ﬀ
. N
.
0N3\2
+
K2
j&#
O3O'2
#
0SK2
+
NY
%
*
Y6Z6Z
#*
2)0O
+ *
O3Y
#
%z
0Z
#
Y5O'2
+`U#
z
2
%
N&M2
+G+'#
%
+
2
+
R
#
N2
ba.
O
*
N
.bcb
2[Z52
ba.
%
*
O'2GZ
#
 z
0O'2
W
i
W
i
O1`
2
*

#
Y
+3#
%
*
0
%
#
%z
Z52 2
%
*
O32 2)0SKIt 2
%
h
Y6O
.
%

Wﬂk#
 &%
K2 O'2)N
.
%
+	*
Ol0Y5O'2k2
%
*
O
.
Y
+
KY
b
2
%
+
Y
.
%
+
Z52ﬂR
.
Y
%
*
KIt{Y
%
*
2O
#
N
*
Y
.
%
i
J
2QN
.
2)0OcK2LN3\
#
^402
j&#
O3O'2
#
0
#
NN02)Y6Z6Z62ﬂ0
%
2
 
j
O'2R&Z
#/+	*
Y_^402~T
#
KeM2)N
#
Z
#
z
2QK2ﬂZ
.
%z
02)0OkKIt
.
%
K2
|
Z
#
Z60
b
YT2O32
#
Y
%
+
YRO
.
K0Y
*
2[2
+	*k*
O
#
%
+'b
Y
+
2ST
#
K2
+ ﬀ J
E

R&0&Y
+
T
#
0
%
2
M2)Z52)N
*
O
.
%
Y6^402 K2 Z62)N
*
0O'2
`
Y6K2
%
*
Y6^102
+
T
#
N2)0ﬂK0
%

u
i

#
0
*
2mK2
*
2
b
R
+
2
*
K2
ba.
U
2
%
+`
Z52
+
KeM2
*
2)N
*
2)0O
+
K2 R&Y62)K
+
q
K2
qCz
2O
j
2
+
%
2
+'.
%
*
R
#/+
21R&Z
.
Y
*
M2
+
K
#
%
+
Z
#Gh
2O
+
Y
.
%
K0QN
.
K2mK2 O'2)N
.
%
+	*
O30N
*
Y
.
%
0
*
Y6Z6Y
+
M22 R
.
0O
Zt
#
%
#
Z
U
+
2mK2
+
K
.
%&%
M22
+
K
#
%
+
N2
*	*
2
*
\IT2
+
2/i

2RU2
%
K
#
%
*`
ZCt{Y
% 
.
O
bc#*
Y
.
%
K0

E
ﬀ
#
M2
*
M2aY
%
NZ60
+
2 K
#
%
+
Z52
+
h
2O
+
Y
.
%
+ﬃ+
0Y
h#
%
*
2
+`
N2 ^10Y
b
t
#
RU2O
b
Y
+
K2 ^40
#
%
*
Y
 
2O Zt
#/b
M2)Z6Y
.
O
#*
Y
.
%
K2kZ
#
O1M2
+	.
Z60
*
Y
.
%
2
%
M2
%
2O
z
Y52 2
*
K2mZ
#
KY
+
NO3Y
b
Y
%
#*
Y
.
%ﬃ
_
 
i
J
2 N
#
Z
.
O3Y
b
T2
*
O'2kK2 P@ 2
+	*
0
%
N
#
Z
.
O3Y
b
T2
*
O'2rT
#
M2)N3\
#
%
*
Y6Z6Z
.
%%
#
z
2
x
Z52
b
Y6Z_Y52)0
#j]+	.
O
j&#
%
*
K
#
%
+
Z52)^102)Z
+
2vKeM2
h
2)Z
.
RRU2
%
*
Z62
+
z
2O
j
2
+
2
+	*
z
M2
%
M2O
#
Z52
b
2
%
*
2
%
0O
#
%
Y60
bQ`
2
*
Z52
b
Y_Z6Y52)0 RU2O
b
2
*	*'#
%
*
ZtM2)N3\
#
%
*
Y6Z6Z
.
%&%
#
z
2
b!

	ﬃW
i
W
i
O

IJﬀ / 
"

"
ﬁ1ﬃ#$ﬁ2ﬃ#
%
ﬁD'ﬃ
%
-(
"
 / 
"
K&
"
 &,*\
%

ﬀ
 ﬀ(ﬁQ *
%
ﬀ
"
 ( ﬂ ﬃ  (<ﬃﬀﬃ
%
 ﬁ2ﬃ
%
ﬃ
%
ﬀ+*ﬀ(<ﬀ
%

"


%
23
K2gZt M2
%
2O
z
Y62eK2
+
z
2O
j
2
+
2
+	*
^10
#
%
*
T
#
Z60Y4N
.
%
+	*
Y
*
0eM2fKIt
#
O
z
.
%
Z_Y6^40&Y6K2/i
J#
 z
0O'2
W
i
W
i
!
ba.
%
*
O'2f0
%
+
N3\eM2
b[#
KIt{0
%
2 N2)Z6Z60&Z52 M2)ZlM2
b
2
%
*'#
Y5O'2fK0wN
#
Z
.
O3Y
b
T2
*
O'2/i Z_Z522
+	*

.
O
b
M22fKIt{0
%
2R&Z
#
^102eKIt
#j&+	.
O
j
2)0O2
*
KIt{0
%
2
#
%
.
K2
K2GN0Y
h
O'2GNO1M2
#
%
*
0
%
2
*
2
%
+
Y
.
%
K2

ﬀ
R
.
0O 0
%
*
2
b
R
+
K2 KeM2O3Y
h
2cK2
c b
n
%
+
2
%
h
Y5O
.
%
i

2aN3\
.
Y dK2
Zt
#
O
z
.
%
2
+	*fba./*
Y
h
M2 R
#
OvZ52
z
#
Y
%
0
%
Y
*'#
Y5O32
`
Z
#
O'2)Z
#*
Y
h
2
+
Y
b
R&Z_Y6NY
*
M2K2 Zt M2
*'#
Z
.
%&%
#
z
2
`
Z
#
ﬁ2Y
j
Y6Z_Y
*
M2
.
2O
*
2
R
.
0O Z
# +
2
z
b
2
%
*'#*
Y
.
%
K0GN
#
Z
.
OlY
b
T2
*
O'2g2
*
2
% &%
R
#
O
+'#
OoM2
+
Y
+'*'#
%
N2
#
0kO
#
KY
#*
Y
.
%
+
i

2
+
O
#
Y
+	.
%
+
N
.
%
*
O'2
q
j&#
Z
#
%
N2
%
*
Zt{Y
%
N
.
%
h
M2
%
Y52
%
*
K2eOoM2
#
Z_Y
+
2O0
%
+
U
+	*
T2
b
2ﬃNO
U
.
z
M2
%
Y6^102vN
.b
R]Z5212
`
O'2R
.+'#
%
*+
0OK2
+
NO
U
.+	*'#*'+
K2
z
O
#
%
K2
*'#
Y6Z6Z62GN
.
%
*
2
%
#
%
*
Z52
+
KeM2
*
2)N
*
2)0O
+
i
J
2[N
#
Z
.
O3Y
b
T2
*
O'2
+
2cN
.b
R
.+
2rK2cN
.
0N3\2
+
K2cN2)Z6Z_0Z52
+
K2
Z52)N
*
0O'2
`.
O
z
#
%
Y
+
M22
+
2
%
*	.
0O
+
R
+
2)0K
.
q
RO
.
T
2)N
*
Y
h
2
+
K2
+
2
z
b
2
%
*'#*
Y
.
%

.
,

+

n

V
,
n

Vm#
K
#
R
*
M22ﬂT
#
Z
# *'#
Y6Z_Z52eK t{0
%
2
z
2O
j
2rM2)Z62)N
*
O
.bc#
z%
M2
*
Y6^102/i
J}#
 z
0O'2
W
i
W
i

O32RO1M2
+
2
%
*
2ﬃZt
.
O
z
#
%
Y
+'#*
Y
.
%
K2
+
N2)Z6Z60&Z52
+
K
#
%
+
Z52 N
#
Z
.
O3Y
b
T2
*
O32/i

\
#
^402kR
#
O
*
Y52k2
+	*
N
.b
R
.+
M22GK2
*
O
.
Y
+ ba.
K0Z52
+
N
.
%
N2
%
*
O3Y6^102
+
i
u
.
0
*
KIt
#jU.
O3KdK
#
%
+
Z
#
R
#
O
*
Y52 Y
%
*
2O
%
2
%
.
0
+g*
O
.
0
h/.
%
+
Z52 N
#
Z
.
O3Y
b
T2
*
O32SM2)Z52)N
*
O
.bc#
z%
M2
*
Y6^102


H
.
`
K2
z
O
#
%
0Z
#
O3Y
*
M2mK2)0

.
Y
+
R&Z_0
+
 &%
2vR
.
0OeZ
#wW
8
N
.
0N3\2
`
^10YRU2O
b
2
*
Z
#
O'2)N
.
%
+'*
O30N
*
Y
.
%
2
*
Zt{Y_K2
%
*
Y
 
N
#*
Y
.
%
K2
+
2
_	
#
Y
%
+
Y&^402Z52)0O
KY
+
NO3Y
b
Y
%
#*
Y
.
%
h
Y
+
q
T
#
q
h
Y
+
K2
+
T
2
*'+
\
#
KO
.
%
Y6^102
+
i

%
+
0Y
*
2
%
.
0
+ #)h/.
%
+
Z52rN
#
Z
.
OlY
b
T2
*
O'2Q\
#
KO
.
%
Y6^402-T
#
z
O
#
%
0Z
#
OlY
*
M2
 &%
2



.K
#
%
+
Z52)^102)Z
+
2KeM2
h
2)Z
.
RRU2
%
*
Z62
+
z
2O
j
2
+
\
#
KO
.
%
Y6^102
+
i
%
 &%
`
Z
#
R
#
O
*
Y522
*
2O
%
2
2
+	*
N
.
%
+'*
Y
*
0M22mK0ﬂN
#
Z
.
O3Y
b
T2
*
O32m\
#
KO
.
%
Y_^402aT
#
z
O
#
%
0&Z
#
O3Y
*
M2
z
O
.+'+
YT2O32


.eK
#
%
+
Z62)^402)Z
+
t
#
O'O 	2
*
2
*	.
0
*
2
z
2O
j
2m\
#
KO
.
%
Y6^102/i
J
2
*'#j
Z62
#
0
W
i

K
.
%&%
2 Z52
+
RO3Y
%
NY5R
#
Z52
+
N
#
O
#
N
*
M2O3Y
+	*
Y6^102
+
K2
+
N
#
Z
.
O3Y
b
T2
*
O'2
+
i
J}#
O1M2
z
Y
.
%
Y
%
*
2O
q
NO
.+	*'#*`n

 
.
 V
4c
`
2
+	*c.
NN0RgM22L2
+'+
2
%
*
Y52)Z_Z52
b
2
%
*
R
#
O[Z52
+
N 	
#j
Z62
+
K2
Z52)N
*
0O'2g2
*
KIt
#
Z6Y
b
2
%
*'#*
Y
.
%
K2
+
KeM2
*
2)N
*
2)0O
+
Y
%
*
2O
%
2
+
i-
 &%
K2
%
2gR
#/+
KeM2
z
O
#
K2OZ
#
O1M2
+	.
Z60
*
Y
.
%
2
%
M2
%
2O
z
Y52
K2
+ﬂ./j
2
*'+
K
#
%
+
N2
*	*
2OoM2
z
Y
.
%
`
K2)0
+

+	*
T2
b
2
+ .
%
*
M2
*
M2 Y
%
+	*'#
Z6Z M2
+-x
Z52
+
KM2
*
2)N
*
2)0O
+a 	
7
!
  A
@


H 
.2
*
Z52
+
KeM2
*
2)N
*
2)0O
+
Y
%
*
2O
q
NO
.+	*'#*'+

" 
P .li
J
2
+
RO'2
b
Y52O
++	.
%
*
K2
+
N2)Z6Z_0Z52
+
K0ﬂN
#
Z
.
O3Y
b
T2
*
O'2
+3#
%
+
#j&+'.
O
j
2)0O
`
2
*k+	.
%
*
Y
%
+	*'#
Z6Z M2
+
T
#
Zt{Y
%
*
M2OlY52)0OwK2
+
NO
.+	*'#*'+
^40&Y
*
Y52
%%
2
%
*
Z6Y62)0KIt
#j&+	.
O
j
2)0O
+
i
J
2
+m" 
P
+	.
%
*
K2
+
N
.
0Nl\2
+
K2
+
NY
%
*
Y6Z_Z
#*
2)0O
#*	*'#
Nl\M22
+#
0mR
#
O
.
Y
+
2
*
2O
%
2
+
K2
+
NO
.+'*'#*'+ jp.
0&N3\
.
%
+
2
*
N
.
0
h
O'2
%
*
Z
#
O1M2
z
Y
.
%
V

V 
.
8$7ﬀ;V
4c
i

2
+
KeM2
*
2)N
*
2)0O
+m.
O'2
%
*
0
%
2GN
.
O'O'2)N
*
Y
.
%
R
#
O
*
Y52)Z6Z52
+
0O ZtM2
%
2O
z
Y52GRU2O3K02
2
*
0
%
2

#
Y
j
Z52QOoM2
+'.
Z60
*
Y
.
%
iE
.
0OrN2
+
O
#
Y
+	.
%
+)`
Z
#
OoM2
z
Y
.
%
Y
%
*
2O
q
NO
.+	*'#*
%
t 2
+'*[+	.
0
h
2
%
*
R
#/+
RO3Y
+
2Q2
%
b

G10 Insulator
Liquid Argon
Gap
Absorber Plate Pad Resistive Coat
Unit Cell

	W
i
W
i
!
ﬃ ﬁﬀ ﬁﬂ/
""
  ﬁD2( ( (  ﬁ2( ﬁﬂ/'ﬃﬀ
%

"
ﬁD&(<
%
 ﬂ 1ﬃ
%


	AW
i
W
i


IJﬀ /  (<ﬀ+*ﬀ ﬃ
"
  -( 
""
&   
"&%
ﬀ'ﬃ
"
/ﬁ(-(<
%
 ﬂ1ﬃ
%

"
L07  ﬂ/ﬀﬃ
%
ﬀﬃ (<
"
 !/ﬀ( ﬃ 
"
ﬁD2( ( ( 
"
 !4(  ﬁ(-(<
%
 ﬂ1ﬃ
%
 ﬁ2( $ﬁ2ﬃ
%
ﬀﬂﬃ *ﬀ4ﬁ1ﬃ! !ﬀ 
"&%
 !! ! *  
"%
ﬀ ! !ﬂ*
%
ﬀ((
%
	P1ﬃ
"
ﬀ!)( 
%
ﬁ *ﬀﬀ   ﬃ#
%
&
ﬁ
%
 ﬀﬃﬃ 3
b
$
 
vW
i
 


6
;]

6 @

7 !

3	
+?
!

6
-?
6 !
  
!
S
3
7
:
6

!
? 
!


!
; ? 	
7 !
?

:




:;   
!!
	
-6
 ;
6 m
	;
6(
  
2@F7 
?
 !
		k 
?

; 
C7
; 

 
ﬁﬀ !ﬃﬂ 
 

;F:
 6 


?  "!

	;
6(
  
2@F7 
?
 !
#
7
:;
$
  

$  
6
?
6
:;&%
*


?
7
  
6'
?C;]


 :)(

;
;
ﬃ)*ﬂ@
	
:

 ?
7

@
/-?
6


 7+
%   ;
e
;c?


6


  :;
;

%a), ; ?  
 @*
   
.-)/ 0 ﬀ12 
 
3
:;

;


6
%
@
:


7

@&
-?

 4!

;

 
6 @
-$  
6
?
6
:;
!
#
7
:;
*
  4!
6
; ?

$
?
6
:; ;



7 

6

(5
?
7+796 

 @
	
:



 :)(

;  "!
6
; ?

	
?
6
:;;



7 

6

 !

2
%
*
O
#
Z 
.
0N3\
.
%
+

H
e.
0
h
2O
*
0O'2 2
%
.

.
  V

n V

W  
.
  W
 !
6j
N2)Z6Z60&Z52
+
R
#
OﬂM2
*'#
z
2

`

`
!
`Vn

`

`871` 
H
Y6Z6Y52)0
#j&+'.
O
j
2)0O
Wabcb
P
C:9
c
bcb
P
C:9
 R
#
Y
+'+
2)0O

n
i
b
*

`]n
i
!
7


n
i
7
*

`]n
i)$
b


 
e.
0
h
2O
*
0O'2 2
%
.

.
  V

n V

7  
.
 
c b
6j
N2)Z6Z60&Z52
+
R
#
OﬂM2
*'#
z
2

no` V
71`V
c
V
7
H
Y6Z6Y52)0
#j&+'.
O
j
2)0O
7abcbQ`*6j
q
P
C:9 9
7abcbQ`*6j
q
P
C:9 9
 R
#
Y
+'+
2)0O $
7
*

`&W
i


V
 
*

`
c
i)$

 
e.
0
h
2O
*
0O'2 2
%
.

.
  n

7

n 
.
 
c b
6j
N2)Z6Z60&Z52
+
R
#
OﬂM2
*'#
z
2 $
V
c
H
Y6Z6Y52)0
#j&+'.
O
j
2)0O
c
7abcbL`
N0Y
h
O'2
7abcbQ`#
NY62O
 R
#
Y
+'+
2)0O
W/W
*

`&W
i


W/W
*

`&W
i
7

N
.b
R
*
2aR
.
0O Z52
+ #
%
#
Z 
+
2
+
K2GR&\ 
+
Y6^102/ipP2
+
M2
*
0K2
+ +	.
%
* *	.
0
	.
0O
+
2
%
N
.
0O
+
R
.
0O Zt M2
*'#
Z
.
%%
#
z
2[K2
N2
+
KM2
*
2)N
*
2)0O
+
i
J
2
+
RU2O

.
O
bc#
%
N2
+
K2
+
N
#
Z
.
O3Y
b
T2
*
O'2
+d+'.
%
*
M2
h#
Z60eM22
+S+
0O Z
#
O1M2
+	.
Z60
*
Y
.
%
2
%
M2
%
2O
z
Y62K2
+
KeM2R 	
./*'+
M2)Z52)N
*
O
.b[#
z%
M2
*
Y6^402
+
2
*
\
#
KO
.
%
Y6^102
+`g#
Y
%
+
Y ^102
+
0OLZ52-R
.
0
h/.
Y5OQKIt{Y_K2
%
*
Y
 
N
#*
Y
.
%
K2
+
M2)Z52)N
*
O
.
%
+
2
*
R&\
./*	.
%
+
i Z6Z52[KeM2RU2
%
K K2
+kj
Y
#
Y
+k+
0OGZtM2
*'#
Z
.
%%
#
z
2QK0XKM2
*
2)N
*
2)0O

*
2O
b
2
+
K2<;

l
7,6

$?
6
:;$= 
.
`
K2
+
ﬁ&0&N
*
0
#*
Y
.
%
+e+	*'#*
Y
+	*
Y_^402
+
K
#
%
+
Zt M2)Nl\
#
%
*
Y_Z6Z
.
%%
#
z
2

.
0>;

 
@F7,6
; 2=
ﬀ
.2
*
K2 Z
#
N
.
%
*
O3Y
j
0
*
Y
.
%
K0
j
O30Y
*

.
0?;
; :
6'

=@6
.RO
.ﬀh
2
%
#
%
*
K2 Z
#
O
#
KY
.#
N
*
Y
h
Y
*
M2 K2 Zt{0O
#
%
Y60
bQ`
K2 Zt M2)Z52)N
*
O
.
%
Y6^102 KIt
#
N^40&Y
+
Y
*
Y
.
%
2
*
K2
+
2

2
*'+
KIt 2
b
R&Y6Z52
b
2
%
*
K2
+
M2
h
M2
%
2
b
2
%
*'+
i
J}#
O1M2
+	.
Z60
*
Y
.
%
2
%
M2
%
2O
z
Y62wK0QN
#
Z
.
O3Y
b
T2
*
O'2
+
t M2)NO3Y
*kx
ﬂ
BA
.
A
DC5E F
G
A
E

A

2
+v*
2O
b
2
+`&b
2
+
0OoM2
+
K
#
%
+
Z
#
OoM2
z
Y
.
%
N2
%
*
O
#
Z62mR
.
0OvK2
+
M2)Z52)N
*
O
.
%
+
 b

+'.
%
*
Z62
+v+
0Y
h#
%
*'+ x
6

n
 
W
&
n

VnIH
2J
V
ﬀ

n
 
n
 &
n

n/n7
G
H
2J
V


n

n/n
c &
n

n/n

i
E
.
0OﬃZ62
+ 
2
*'+
N2
%
*
O
#
0


.
 n
4c
.
`
Z
#
OoM2
+	.
Z_0
*
Y
.
%
+
2
bc.
KeM2)Z6Y
+
2
#
Y
%
+
Y
x
ﬂ
 ^*K
.
^*K
LC5E
F
G
^$K
E

^*K
#ﬀh
2)N
6

W
 b &
V

WMH
2J
`
ﬀ

n

$
n
&
n

V

G
H
2J
` 

n

n7n
&
n

nV
>(>+N PORQ BSO$TVU  ?WO&UOXW
Y
5Z  \[]Q
J
2
+

+	*
T2
b
2vK2eKeM2
*
2)N
*
Y
.
%
K2
b
0
.
%
+ #
R
.
0O
j
0
*
Zt{Y6K2
%
*
Y
 
N
#*
Y
.
%
K2
+ b
0
.
%
+
RO
.
K0Y
*'+}#
0 N
.
0O
+
K2
+
N
.
Z6Z_Y
+
Y
.
%
+
R_^R
`
Z
#
KeM2
*
2O
b
Y
%
#*
Y
.
%
K2ﬃZ52)0O
*
O
# 
2)N
*	.
Y5O'2 2
*
K2Z62)0O Y
b
R]0Z
+
Y
.
%
` #
Y
%
+
Y^402ﬃK2vRU2O
b
2
*	*
O32ﬃZ52
KeM2)NZ52
%
N3\2
b
2
%
*
KUT2
+
Z52
%
Y
h
2
#
0
JV
i
'
0
*
O32wZ52
+
%
2)0
*
O3Y
%
.+)`
Z52
+ﬃb
0
.
%
+v+'.
%
*
Z52
+ﬃ+
2)0&Z52
+
R
#
O
*
Y6N0Z52
+
T
#c*
O
#
q
h
2O
+
2O2
%
*
Y T2O'2
b
2
%
*
Z62ﬃN
#
Z
.
O3Y
b
T2
*
O32
+'#
%
+
aRU2O3KO'2
*	.
0
*
2 Z52)0OGM2
%
2O
z
Y52
`o+
Y
*	.
0
*
2

.
Y
+
Y6Z
+.
%
*
0
%
2QM2
%
2O
z
Y52
+
0ReM2O3Y52)0O'2dT
#dW3H
2J i
J
2
+
RU2)N
*
O
.b
T2
*
O'2~T
# b
0
.
%
+m#
K
.
%
N M2
*
M2QY
%
+	*'#
Z_ZlM2dT
#
Zt 2
*
M2O3Y52)0O K0~N
#
Z
.
O3Y
b
T2
*
O'2
7n
R.
0OﬃZ62
+
KeM2
*
2)N
*
2O)i
"
Z 2
+	*
N
.b
R
.+
M2 KIt{0
%
KM2
*
2)N
*
2)0O N2
%
*
O
#
Z


.
8$7  V
.
`
K t{0
%
KeM2
*
2)N
*
2)0O
#
0
z
O
#
%
K
+
#
%z
Z62
+

V 
.
8$7C


. 2
*
KIt
#
Y
bc#
%
*'+ *	.
O
.  
K
#
0Ui
J
2
+
 z
0O32
+mW
i
W
i)$
ba.
%
*
O'2
%
*
0
%
2
h
02cKIt 2
%
+
2
bkj
Z52
K0
+

+	*
T2
b
2QT
#cb
0
.
%
+
iPLM2
*'#
Y6Z6Z
.
%
+
N2
+ﬃ+	.
0
+
q
+

+	*
T2
b
2
+
i
J
2
+

+'*
T2
b
2~N2
%
*
O
#
Z
`e.
0
= H
Cﬀ 
;
6
 

;
7+
<

:;
5@&

? >: 

?

 =
.ﬂ2
+'*
N
.
%
+	*
Y
*
0eM2~K2
W
N
.
0Nl\2
+k`
 2
*
K2
*
0
j
2
+
T
#
KM2O3Y
h
2

E P
u
`U.
0 ;

>:
@
: ?
6
:;p
7 

6
 ?
  
=l`
2
*
K2
+
NY
%
*
Y6Z_Z
#*
2)0O
+

;
 
+ 
:

;F?



=
2
*
;

:


6


ﬃ

@8
=
.R&Z
#
N]M2
+
O'2
+
RU2)N
*
Y
h
2
b
2
%
*#ﬀh #
%
*
Z
#
N
.
0N3\2

2
*#
RO)T2
+
Z
#
N
.
0Nl\2

i
J
2
+
E P
u
+	.
%
*
N
.
%
+	*
Y
*
0eM2
+
KIt{0
%
b
M2)Z
#
%z
2
z
#BA
2)0

O
x
 
x%

 


c
 x ,=x ,
. R
.
O
*
M2
+	.
0
+
0
%
2
KY

M2O'2
%
N2 K2ﬃR
./*
2
%
*
Y52)Z&K2

i
b 
J 2
*e.
%
*
0
%
*
2
b
R
+bc#
Y
bc#
Z&K2KeM2O3Y
h
2 K2
b
n/n
%
+)`
2
*
0
%
2vOoM2
+	.
Z60
*
Y
.
%
K2
Vcb[b
2
%
A
2
*
K2c^102)Z6^102
+
K2
z
OoM2
+
2
%
+
i
J
2
+m+
NY
%
*
Y6Z_Z
#*
2)0O
+`
K2aOoM2
+	.
Z_0
*
Y
.
%
*
2
b
R
.
O'2)Z6Z62GK2
b
%
+`

.
0O
%
Y
+'+
2
%
*
0
%
+
Y
z%
#
Z}O
#
R&Y_K2w0
*
Y6Z_Y
+
M2kR
#
O Z52
+

+	*
T2
b
2cK2GKM2)NZ52
%
Nl\2
b
2
%
*
2
*
RU2O
b
2
*	*
2
%
*
Z
#
O1M2

2)N
*
Y
.
%
K2
+ﬃb
0
.
%
+
N
.+'b
Y6^102
+
i
J
2
+

+'*
T2
b
2
#ﬀh #
%
*`A.
0

 H
C ﬀ 
;

:/    

;
7+
<

:;
5@&

? >:

?

 =
. 2
+	*
N
.
%
+	*
Y
*
0eM2K2
W
N
.
0N3\2
+
k`
 2
* 
K2
b
Y
%
Y
q
*
0
j
2
+
T
#
KM2O3Y
h
2

H
P
u
` .
0 ;
<
6
;
6 

6
 ?
   
=a#
O'O
#
%z
M2
+
2
%
.
N
*'#
%
*'+`
2
*
K2
+
NY
%
*
Y6Z_Z
#*
2)0O
+
T
#
R]Y 12)Z
+ #/+'+	.
NYlM2
+
T
#
N3\
#
N0
%
2[K2[N2
+
N
.
0N3\2
+
i
J
t{Y
b
R
.
O
*'#
%
*m*'#
0~KIt
.
NN0R
#*
Y
.
%
2
*
K2
O
#
K&Y
#*
Y
.
%
+m#
0

0
%
"'" #
Y
b
R
.+
M2[Z62rN3\
.
Y ~K2rN2
+ H
P
u
i
"
Z
+m+	.
%
*
N
.
%
+	*
Y
*
0M2
+
K t{0
%
b
M2)Z
#
%z
2
z
#BA
2)0
 
 
x
 

 

$
n x6Vn
.ﬃR
.
O
*
M2
+	.
0
+
0
%
2
*
2
%
+
Y
.
%
K2
W
i
V

JsR
.
0O 0
%
*
2
b
R
+b[#
oY
b[#
Z}K2 KM2O3Y
h
2GK2
7n
%
+
i
J#
OoM2
+	.
Z_0
*
Y
.
%
2
+	*
K2
Vmbcb
2
%
A
2
*
K2
7ﬂ
2
%
+
i
J
2
+ﬃ*	.
O
.  
K2
+b[#
z%
M2
*
Y6^402
+ +'.
%
*
K2
+ #
Y
bc#
%
*'+
%
.
%
+
0R&O
#
q
N
.
%
K0N
*
2)0O
+
2
%L
2O RO
.
K0Y
+'#
%
*
0
%
N3\
#/b
R
*	.
O
.  
K
#
ZK2
V
i

u
^10Y N
.
0O
j
2cZ
#*
O
# 
2)N
*	.
Y5O'2[K2
+mb
0
.
%
+
i
"
Z
+ +	.
%
*m+
Y
*
0M2
+
2
%
*
O'2[Z52
+
N
.
0Nl\2
+	
2
*

K2
+
N3\
#/bwj
O32
+
T
#b
0
.
%
+
i
J#b
2
+
0O32kK2 N2
*	*
2cN
.
0O
j
0O32wR
#
O Z52
+
K2)0 KeM2
*
2)N
*
2)0O
+
K2
b
0
.
%
+
RU2O
b
2
*
K2 N
#
Z6N0&Z52OvZt{Y
b
R]0Z
+
Y
.
%
K2
+fb
0
.
%
+
i
J#
R&O1M2
+
2
%
N2wK2mN2
+ﬃ#
Y
bc#
%
*'+
RU2O
b
2
*
K
.
%
N KIt
#ﬀh/.
Y5Oﬃ0
%
Y_^402
b
2
%
*
K2
+fb
0
.
%
+
KIt{Y
b
R&0&Z
+
Y
.
%
*
O
#
%
+	h
2O
+
2
+
0RgM2O3Y62)0O'2[T
#
c
H
2J
-
NwN2w^10Y
%
.
%
+
2)0Z52
b
2
%
*

#
NY6Z6Y
*
2 Z52)0O
#/+3+	.
q
NY
#*
Y
.
%
#)h
2)N Z62KeM2
*
2)N
*
2)0OvK2
*
O
#
N2
+`bc#
Y
+
M2
z
#
Z52
b
2
%
*

.
0O
%
Y
*
0
%
+
2)0Y6Z&2
%
RJ) R
.
0O Z52 KM2)NZ52
%
Nl\2
b
2
%
*
#
0
%
Y
h
2
#
0
JV`
O32

2
*	*
2LZ52
+Gb
0
.
%
+
RU2)0;M2
%
2O
z
M2
*
Y6^402
+
Y
+'+
0
+
K2
+
KeM2
+
Y
%
*
M2
z
O
#*
Y
.
%
+
K2
+
 

2
*
&
`
2
*
#/b
M2)Z6Y
.
O'2kZ
#
O1M2
+	.
Z60
*
Y
.
%
+
0O Zt{Y
b
R&0Z
+
Y
.
%
K2
+b
0
.
%
+
M2
%
2O
z
M2
*
Y6^102
+

R
T

Vn/n H
2J .li
J}#[+	*
O30&N
*
0O'2
2
%
#
NY62OﬃK2
+f*	.
O
.  
K2
+v+
2O
*#
0QO'2
*	.
0OﬃK2wN3\
#/b
R K0
+	.
Z M2
%
.  
K2/i
u
O
.
Y
+r+	.
0O3N2
+
N
.
%
*
O3Y
j
02
%
*
T
#
K2
+
2O'O'2)0O
+[+
0OZ
#b
2
+
0O'2 K2SZt{Y
b
R&0Z
+
Y
.
%
K2
+[b
0
.
%
+
K
#
%
+
Z52
+
Nl\
#/bwj
O'2
+
T
#Qb
0
.
%
+ 

7

x
Z
#
ROoM2)NY
+
Y
.
%
+
0O Z
#Qb
2
+
0O'2aK2
+
Y
b
R
#
N
*'+
K
#
%
+
Z52
+
RU2)N
*
O
.b
T2
*
O32ST
#Lb
0
.
%
+
 %
./*
M2

.
`
Z52
+
K&Y

0
+
Y
.
%
+ b
0Z
*
Y5R&Z62
+

. 2
*
Z62
+
Rp2O
*
2
+
KItM2
%
2O
z
Y52
+

 
. K
#
%
+
Z52
+bc#*
M2O3Y
#
0aK2vZt 2
%
+
2
bkj
Z52
K2
+
KM2
*
2)N
*
2)0O
+
i
J#
OoM2
+	.
Z_0
*
Y
.
%
2
+	*
K
.
%%
M22wR
#
O
x

^
^


ﬀ
^
E
 ^
1
 
.
^
J
2
+fh #
Z62)0O
+
K2mN2
+
R
#
O
#/b
T2
*
O'2
+ +	.
%
*
K
.
%%
M22
+
K
#
%
+
Z52
*'#j
Z52
#
0
W
i
W
>(> 
Y
 O$Q)Z O]O H
Y
HﬃZ  @ [  "Q@UFO
u
.
0
*
N
.bcb
2

P

e`
Zt 21RgM2OlY52
%
N2kP 0
*
Y6Z6Y
+
2
+	.
%
*
RO
.
R&O'2
+

+	*
T2
b
2GK2
b
2
+
0O'2wK2 Z
#
Z60
b
Y
%
.+
Y
*
M2/i
J}#

.
O
b
0Z52
*
\eM2
.
OlY6^402
W
i

i
V
O'2)Z6Y
#
%
*
Z
#
Z_0
b
Y
%
.+
Y
*
M2GY
%
+	*'#
%
*'#
%
M22
#
0~N
#
O
#
N
*
M2O3Y
+	*
Y_^402
+
K2
+

#
Y
+
N2
#
0
2
*
K0
u
2J
#*
O
.
%-%
t 2
+	*
R
#/+
0
*
Y6Z_Y
+
M22mR&0Y
+
^402 N2)Z
#
%
M2)N2
+'+
Y
*
2O
#
Y
*
Z
#
N
.
%%
#
Y
+3+'#
%
N2kK2
+
N
#
O
#
N
*
M2O3Y
+'*
Y6^402
+
Y
%
+	*'#
%
*'#
%
M22
+
K2
+

#
Y
+
N2
#
0
#
0QR
.
Y
%
*
K2wZ
#
N
.
Z_Z6Y
+
Y
.
%
i
J}#
Z60
b
Y
%
.+
Y
*
M2dY
%
+	*'#
%
*'#
%
M22d2
+'*b
2
+
0O1M22 T
#
R
#
O
*
Y5OKIt{0
%
R&O
.
N2
+3+
0
+
K2 OoM2

M2O32
%
N2
x
Z
#
KY

0
+
Y
.
%
7oV

	4W
i
W
i)$

! ﬁﬁ>(<&ﬃﬁ 
"
ﬃ!/ $ﬁ2ﬃ
%
 ﬂ 1ﬃ
%
  ﬂ ﬀ 

( 

ﬀﬃ ﬂ/
"
/
%
ﬁﬁ  Dﬀ     ﬃR1ﬃ
"

"
ﬁﬁ>(  ﬁﬀ!ﬂ/'ﬃ
 


ﬀ-3
7

 
vW
i
W


$ 

? 
6 
 ?
6
:;  
7
 

:
7 
?
6
:;

;

;

 
6
 



:;
 @
:


7  
 
 @
-?
6
 

 

?


?

R

:;
 !
#

 
6  


; ?

?

 
 
%
 

? 

:; ?  

;
6 
  ;
 7+
?
'
?
 !


n

W 7

2
%
*
O
#
Z


  H
Cﬀ
.
 

W

V
ﬃ
 
n

n/n
b

ﬃ
 $#


n
 
V

.
0Nl\
.
%
+

=  H
Cﬀ
.
 

V


ﬃ
 
n

n/n7
ﬃ
 $#
Y
%
M2)Z
#/+	*
Y6^102aR_^R
`
^40Y K
.
%%
2[Z_Y52)0 T
#
K2
+ 
2
*'+
K2rR
#
O
*
Y6N0Z62
+
T
#
z
O
#
%
KS.]i P 2)0KM2
*
2)N
*
2)0O
+
NY5O3N0&Z
#
Y5O'2
+
N
.b
R
.+
M2
+
K2
!c
+
NY
%
*
Y6Z6Z
#*
2)0O
+
2
*
Z_0
+
R
#
OﬃK2
+
R&\
./*	.
q
b
0Z
*
Y5R&Z6Y6N
#*
2)0O
++'.
%
*v+
Y
*
0M2
+v#
0QR&Z60
+
R&O
.
Nl\2 K0

#
Y
+
N2
#
0

 !
 
.
8(7+ 
c4c
.
` +
0OwZ52
+mjp.
0&N3\
.
%
+
K0N
#
Z
.
O3Y
b
T2
*
O32/i
h
2)Nr0
%
2aO1M2
+	.
Z60
*
Y
.
%
*
2
b
R
.
O'2)Z6Z52
K2
n
i
W
%
+`
Y6Z
+
RU2O
b
2
*	*
2
%
*
0
%
N
.b
R
*'#
z
2rO
#
R&Y6K2aK2cN2
+
M2
h
M2
%
2
b
2
%
*'+
i
"
Z
+m+	.
%
*w#
0
+'+
Y0
*
Y6Z6Y
+
M2
+)`
R
#
OwZ
#
b
2
+
0O'2ﬃK0
*
2
b
R
+
K2
h/.
Z&K2
+
R
#
O
*
Y_N0Z52
+`
R
.
0O

#
Y5O32ﬃ0
%
2fRO32
b
Y T2O'2ﬃ2
+'*
Y
bc#*
Y
.
%
K2ﬃZ
#
R
.+
Y
*
Y
.
%
2
%
A
K0
h
2O
*
2aROlY
bc#
Y5O'2
`
Y6K2
%
*
Y
 
2O Z62
+
NO
.
Y
+
2
b
2
%
*'+
K2

#
Y
+
N2
#
0 T
#
Y
%
*
2O
#
N
*
Y
.
%
+b
0Z
*
Y6R&Z52
+`
2
*
Z52
+
KY

M2O32
%
NY52O
K2
+
Y
%
*
2O
#
N
*
Y
.
%
+
K0

#
Y
+
N2
#
0
#)h
2)NmZ62
*
0
j
2[T
# h
Y_K2/i

2
+
KM2
*
2)N
*
2)0O
++	.
%
*
2oR
.+
M2
+
T
#
0
%
*
OT2
+
\
#
0
*
ﬁ&0
K2 O
#
KY
#*
Y
.
%
+x
0
%
2RU2O
*
2 K2
Vn
K2 Z52)0OeRp2O

.
O
b[#
%
N22
+'*g#*	*
2
%
K02 R
.
0Oe0
%
2Z60
b
Y
%
.+
Y
*
M2 Y
%
*
M2
z
OoM22
K2
W

j
 $#
i

%
RO
#*
Y6^102
`
Z
#
Z_0
b
Y
%
.+
Y
*
M2 Y
%
+	*'#
%
*'#
%
M222
+	*
KeM2
*
2O
b
Y
%
M22 2
%
N
.b
R
*'#
%
*
Z52
+
Y
%
*
2O
#
N
*
Y
.
%
+
Y
%
M2)Z
#/+	*
Y6^102
+
R_^RrR
#
ONO
.
Y
+
2
b
2
%
*
K2

#
Y
+
N2
#
0Ui

2Rp2
%
K
#
%
*`
N2
+
KeM2
*
2)N
*
2)0O
+
%
2
+'.
%
*
R
#/+
N
#
R
#j
Z52
+
K2K&Y
+
N2O
%
2OK2
+
Y
%
*
2O
#
N
*
Y
.
%
+cb
0&Z
*
Y5R&Z52
+]|
Y6Z
+
Rp2O
b
2
*	*
2
%
*
K tM2
h#
Z602O
+
2)0Z52
b
2
%
*
Z
#
R&O
./j&#j
Y6Z_Y
*
M2ﬂ^10It{Y6Z 
#
Y
*c#
0
bc.
Y
%
+
0
%
2rY
%
*
2O
#
N
*
Y
.
%
i

2
*	*
2QR&O
./j&#j
Y6Z_Y
*
M2
h#
0
*ﬂx	


B

_

B


@
 

+
YeZ62
+
Z_0
b
Y
%
.b
T2
*
O32
+k.
%
*
M2
*
M2
KeM2)NZ52
%
N3\eM2
+

B


.
Y
+
R
.
0Ov0
%Q%
.bkj
O'2mK2mNO
.
Y
+
2
b
2
%
*'+
K2

#
Y
+
N2
#
0

B


@
 

i
J}#
KY
+'*
O3Y
j
0
*
Y
.
%
K&0
%
.bkj
O'2 KIt{Y
%
*
2O
#
N
*
Y
.
%
+
R
#
O NO
.
Y
+
2
b
2
%
* +
0Y
*
0
%
2 Z
.
Y K2 E
.
Y
+'+	.
%
x

ﬀ
V
H
.

Tﬁ
ﬃﬂ
ﬃ
 

#)h
2)N

Z52
%
.bwj
O32mKIt{Y
%
*
2O
#
N
*
Y
.
%
+
R
#
OﬃNO
.
Y
+
2
b
2
%
*
2
* H
Z52
%
.bwj
O32
ba.
/2
%
KIt{Y
%
*
2O
q
#
N
*
Y
.
%
+
R
#
OfNO
.
Y
+
2
b
2
%
*
iE
.
0OvZ52
+
Z60
b
Y
%
.b
T2
*
O'2
+
K2 P@
`1.
%
./j&*
Y52
%
*
E
 %

n
V
H
.

V
1
2
 
T
`
N2 ^10Y
K
.
%&%
2
H
21
Z
% 
V
1
E .li

% &%
`
Z
#
Z60
b
Y
%
.+
Y
*
M2Y
%
+'*'#
%
*'#
%
M22 =2
+	*
O'2)Z6Y M22 T
#
Z
# +
2)N
*
Y
.
%
2"![N
#
N2
ﬂ$#
ﬀ
#
R
.
%
KM2O1M22~R
#
O ZCt
#
NN2R
q
*'#
%
N2


/W
4c&
W
 !

2
*
Zt 2"![N
#
NY
*
M2K2
+
Z60
b
Y
%
.b
T2
*
O'2
+%

$
V
& 
`
Z
#

OoM2)^102
%
N2-K2
+
NO
.
Y
q
+
2
b
2
%
*'+
K2

#
Y
+
N2
#
0

2
*
Z62
%
.bwj
O'2
ba.
/2
%
KIt{Y
%
*
2O
#
N
*
Y
.
%
+
R
#
ONO
.
Y
+
2
b
2
%
* H
R
#
O[Z
#
O'2)Z
#*
Y
.
%
x


H ﬀ

_

ﬂ$#
ﬀ
# ﬀ ﬀ%
.li

Y
%
+
Y
`
R
.
0Or0
%
N2O
*'#
Y
% %
.bkj
O'2-K2dNO
.
Y
+
2
b
2
%
*'+
K2

#
Y
+
N2
#
0
6'&
9ﬀ( 34?
8(568) 7
?
`
Z
#
Z60
b
Y
%
.+
Y
*
M2 2
+	*
./j*
2
%
02 R
#
O
x *
+-,ﬀ./10325456-4
ﬁ87
2
:9 ;
<
>=@?BAC?
%
Z
%ED
V
1 F
B

F
B


@
1 
HG
J
2
+
Y
%
N2O
*
Y
*
0&K2
++
0O Z
#rb
2
+
0O'2GK2aZ
#
Z_0
b
Y
%
.+
Y
*
M2wRO
. h
Y62
%%
2
%
*
K
.
%
NkK2GZt{Y
%
N2O
*
Y
*
0K2
*
\M2
.
O3Y6^102
+
0O Z
#r+
2)N
*
Y
.
%
2"![N
#
N2aY
%
M2)Z
#/+	*
Y6^102
*	./*'#
Z62
I
c
n
.ﬃ2
*
K2 Zt 2O3O'2)0O
+
0O Zt
#
NN2R
*'#
%
N2aK2
+
KeM2
*
2)N
*
2)0O
+
K2mZ_0
b
Y
%
.+
Y
*
M2
I
b
n
.li
J
t{Y
%
N2O
*
Y
*
0&K2
*	./*'#
Z52m2
+	*
K
.
%
N K2
7
i
b

i
>(>KJ PORQL Q U$WO  O  O ﬂFO$TH O$[]T# O  O$[\U
J
2
+
N
.
Z6Z6Y
+
Y
.
%
+
K2GR
#
^102
*'+
K2GRO
./*	.
%
+
2
*
KIt
#
%
*
Y
q
RO
./*	.
%
+
RO
.
K0Y
+
2
%
*`
K
#
%
+
Z
#
z
O
#
%
K2
bc# 	.
O3Y
*
M2
`
K2
+
M2
h
M2
%
2
b
2
%
*'+Qb
0Z
*
Y

2
*'+
T
#~j]#/+[ba.b
2
%
*[*
O
#
%
+	h
2O
+
2d2
*r#
RR
.
O
*
2
%
*
RU2)0ET
#
Z
#
N
.b
R&O1M2)\2
%
+
Y
.
%
K0
M .
KIT2)Z62
ﬀ
*'#
%
K
#
O3KIi 
%
R
#
O
*
Y6N0Z6Y62O
`
Z52
+
R&O
.
N2
+3+
0
+
^40YﬃRO
.
K0Y
+
2
%
*
K2
+
R
#
O
*
Y_N0Z52
+
Z
.
0O3K2
+
N
.b[b
2
7/W
Z52
+[jU.+	.
%
+ 
2
* `
2
*
Z52 ^10O

*	.
R
+	.4*
2
*
O 	2
b
2
b
2
4*
OO'2
+
i E	O2o2
b
R&Z62
`
$ T
VnX.
O3KO'2
+
K2
z
O

K2)0O
+f+
M2R
O32
A*
ZaRO
.
K0&N
*
Y
.
K2w^10O

+
Z M2
z
2O
+
K2wZGR&O
.
K&0N
*
Y
.
K2 R/Y5O'2
+f*
^
*
i
J
2
+

+	*
T2
b
2 K2
KeM2)NZ52

N3\2
b
2
4*
2
+	*
K t{0

2gY
b
R
.
O
*


N2fNR&Y
*
/Z62eR
.
0O
+
M2)Z52)N
*
Y
.
2O K2
+
M2
h
M2

2
b
2
4*'+
Y
A*
M2O'2
+'+

A*'+
K
+
0

2
4h
Y5O
.
2
b
2
A*
\/KO
.
Y6^102/i Z K
.
Y	O
.
0
h
2Oﬃ0

N
.b
RO
.b
Y

	O
x
y

z
O

K
bkj
OfKfN

Z6Z6Y3Y

}R


O N


h
O3Y6O ZgZﬀO
z
gRO

z
O
bcb
gKeR]\ ﬁ'Y6^

gKfZtﬂ1RgMOlY

Nﬃ
P !



z
O"

K#$'Y#'Y_^

QK%&3Y
z



O)N3\O3Nl\M%cR


O

/Y6OQK%aKM)N


h
O#%


K%
b
%

O%fKmROoM)NY'Y


Nﬃk^


h


Z

vZ%fR&\ ﬁ'Y6NY

 .
`
y



OoM)^



NﬃmK%vN

Z6Z6Y3Y

R\^RQ^

Y

'$

O R
(fZt M)Z)Nﬃ	O

Y6^

mK Z)Nﬃ

O


OoM)^



Nﬃ
 
 M
R
OvZ%vNO/Nﬃ1MO3Yﬀ#'Y6^

%K

u
J)$	O

.
`
y

d^



'Y4M~K-K

M%Q^

YﬃR

Y# 		OZ

*
h


LZﬀRO

Nl\/Y

-N

Z6Z6Y3Y

8 
 MR
OQZ%
NO/Nﬃ4MO3Y#'Y6^

%K

KM#)Nﬃ#

O .li
y
K% NR
/NY1M% K+	O/Y#
b


K% Y



O
b
$'Y

}KItﬂ

O
z
Y	O
b


,

O
j


KZ6Y
b
Y1M%

K


M%
R
OvZ- ﬁ#T
b
kY



O
b
$'Y6^

/.li
6
kR


h


.
z
Y5O ^

/

O Z KO

YOR

Y


`
K%'/Z
z

O3Y'\
b
%K0	O/Y#
b


 KGZt{Y



O
b
$'Y

 K
ROlY#kKGKeM)NYﬀ'Y

N

NﬃO



mZ O





KaZtM
h
M


b




SM4MrKeM
h
)Z

R&ReM%i,$Z N

#'Y




Z1 ﬁ#T
b
QKrKeM)NZ

N3\
b


2(

NY M3

KeM#)Nﬃ#

O)i+ Zﬀ-'Y5O

 RO

 
 K%43Y
z

$

O% K%0'Y
z




O)Nl\O3Nl\M%
`



h


R]Z

wM

O
z
M'Y6^

%
`
R5O
b
##

KItﬂ

O
z
Y	OO Z% M
h
M


b


6

O
j


K7
h
)N




ﬂK
b
n98
TaR
O'Y5OvKmN

Z6Z6Y'Y

mT

i
b
M 98
i
J
9 ﬁ#T
b
KﬃKM)NZ

Nl\
b


KﬃP-:%# N
b
R

1M K	O

Y

Y
h
%


J V`AJ

`4J W1`
N3\/N



b
Y
q



ZCtM
h
M


b





R;

R&Z

)

KM/Y6ZU^

 Z

Y
h
%

RO1M)N&M)K


`
eK

N9

RO






R5

R&Z


K#
b
Ri
J

 &z
O
W
i
W
i
Vn
ORO1M%#

#ﬃZt<O3Nl\Y#)Nﬃ

OK

 ﬁ#T
b
ﬃKvKeM)NZ

N3\
b


i>=

M
h
M


b



R5



R
(}R
(O Nﬃ##vNl\ 	
 
eKIt</N^

Y'Y'Y



Y}R
O3Nﬃg^

t{Y_Z?LM4MfO)N


N
bcb


Y

4MO%


T.

O

R5O#gR
OY

"![N/NY4MvKgKeM)NZ

N3\
b


 .


T O/Y


O 	

ZgRO
b
YO KfNﬃ%
 
Z	O% .
`


Y R
O3Nﬃ
^

[Z  T
b
KIt</N^

Y3Y'Y

%#4


#

O-

	O/Y

K2	O/Y#O Z N

Z6Z6Y'Y

RO1M)N&M)K

#

R5O#rR
O
#
b
R
b&
O .lioP.%
b
M
b&
Y5O%

rM4M O
@

4M%gROOR&R

OA
CBD

R


OeZ6Y
b
Y#ONﬃKO

YOA

i
E,FE,FGHFJI KMLONQPSRLT
UVKDI
J
~RO
b
Y TO


Nﬃ'Y

K

RO
b
YO

Y
h
%

KSKM)NZ

N3\
b


1%#K ORgMOO1'Y


 N

Z6Z_Y'Y

Y

M)Zﬀ(#'Y6^

OW

Z6Y

`



'Y_Z6Y

Z%Y



O
b
$'Y

#
b
R

O)Z6Z%ﬂK%QKeM#)Nﬃ#

OLKZ

b
Y

'Y1M/i



Y
h
%

`
N
b
R&ZT#
b


dM)Z)Nﬃ	O

Y6^


`
O)N

)Y6Z6ZwZ%ﬃY



O
b
$'Y

fR&O
ﬀh




 K%9



q
KeM#)Nﬃ#

O

N/Z

OlY
b
T	O
` X
u
`
E
ﬀ
rN3\
bkj
O%-T
b


 .kR


OaRO

KO


dKM)NY'Y

K
z
O3KO



Zt M
h
M


b


i
J
Y	O/Y#
b


%#OR&Y6K


4h
Y5O
 W
i
b
H
 . R


O




 KY

O'Y
b

Y
b

b
K
V
i
7

D8
i E


O

cR
(wKeMR(#OkNﬃ


`
K%-/Z
z

O3Y'\
b
%4	RgM)NY
 
^

%

~M1MﬂN
	Z
N


x
Z% 	O"/Nﬃ%
Nl\O
z
M%ﬃK

eZ
X
u
fZ%gR&O1M
q
M)Nl\

'Y6Z6Z



O

fO)N

#	O

Y#%M7(

NYlM%vK




)Nﬃ#

O
KIt


h
O

O

+
9
c b
ﬂ
`
Z% Nﬃ)Z6Z

Z% K

N/Z

O3Y
b
T	O 

 O
z
O


RgM% 




O

.\[

+
9
n
 
[
n
 
dK%Y#

Y_Z

YRR&Z6Y_^

M%]

O Zt M

O
z
Y^	O


h
O"#XKXNﬃ%]


OdK
KeM)NZ

N3\
b


aN/Z

O3Y
b
M	OlY6^

%i P.%aN
  
NY6K

Nﬃ%0

#
b
R
GK

 Z%/'NY

'Y6Z6Zﬀ$#

OT
b


GY

q
KY_^



fZGROoM%#

NﬃwK
b


#O
h


QM
z
/Z
b


.

KeM)NZ

N3\
b


i
E,FE,FGHFﬀ_ KMLONQPSRLT
UVK_
J


Y
h
%

J

O(#
bkj
Z`dN
b
R
O Z%dY



O
b
$'Y

LK

dZ% KY

MO

a



q
KeM#)Nﬃ#

O)i
P Y

MO


b
Y6NO

RO

Nﬃ%

O

'Y6Z6Y

K%/Z
z

O3Y'\
b
%3'Y
b
R&Z%cR5O
b
##

LK-O)N

#	O

Y5OSK%
7
c
	O/Nﬃ%
`

b
(vN/Z

O3Y
b
M	OlY6^

%
`
	O"

)Nﬃ

Y5O%vK
b


6vK KeM#)Nﬃ#O K%	O/Nﬃ%wT
z
O

KﬂR
O"
b
T	O
KIt{Y
b
R
/Nﬃi
J
/#
b
R
 KYﬀ	R

Y
j
Z R


O Nﬃ% N/Z6N

ZﬀD%mK
Vn/n H
R


O




-K&

O'YaK
V

D8

4h
Y6O

i
ﬀ
Y ZtM
h
M


b


/$'Y

/Y[T


NO3YTOcKcKM)NZ

Nl\
b



J

`
Z% Y



O
b
$'Y

 RO
ﬀh





K 


vZ%7



q
KM#)Nﬃ#

O.

9/Z

O

'YTO
b





b
MO3Yﬀ4M%i
E,FE,FGHFE KMLONQPSRLT
UVKME
J


Y
h
%

J}W
K

KeM)NZ

N3\
b


%#gN

#'Y

M K t




O
b
K E

^

Y&R5O
b



 O)N

	O

N
q
'Y

ROoM)Z6Y
b
Y

/Y5O K Z2

/Z_Y4MGKkZt M
h
M


b


i
M
/Z
z
OoM


#
b
R
Z_Y
b
Y1MkK
 b
b
ﬃR


O





K'

O'Y K
b
n D8/`
Y6ZpY

T
z
OwK%/Z
z

O3Y'\
b
%fKIt


."![N/NY1M (#
8
N
b
R
O
j
Z[T Nﬃ)Z_Z%
/j
#


%
K

kZ%0

/Z ﬁ#%i4E	O
b
YeNﬃ%&/Z
z

O3Y'\
b
%
` 
	O


h
ﬂZﬀLO)N

	O

Nﬃ'Y

K
h
O#XROlY
b
/Y5O%
`
K
R
O"
b
T	O%wKIt{Y
b
R
/NﬃmK% 	O/Nﬃ%
`
K
z
O
j
%mN/Z

O3Y
b
M	OlY6^

% R
O /Z
z

OlY'\
b
%mKcN 	


`
ZQO)N


q
	O

Nﬃ'Y

K
b


AZ

OA(

NY$'Y

T


7	O"/Nﬃ
`
ZﬃN/Z6N

ZKﬃZtM

O
z
YD	O


h
O"#
b


^



#/i
J
%M
h
M


b


'$'Y

/Y

ﬃZ%vNO3YTO% K


Y
h
%

J}W


9/Z

O7

O
z
Y#	OoM%9

O
j


K R


O		O
O)N

#	O

Y

^

)Z_^

%
b
Y


#%i
Level2Detector Level1
Framework
TriggerLumi L2
Global
L2MUO
L2STT
L2CTT
L2PS
L1CTT
L1MUO
L1FPDFPD
MUO
SMT
CFT
CAL L1CAL
CPS
FPS
L2CAL

	 W
i
W
i
Vn


ﬃ
%
 ﬁ2ﬃ
%

"


 ﬃ ﬂ/
"

"
ﬁﬁ>(  ﬁﬀ!ﬂ ﬃ

ﬁﬀ 

 ﬁ(ﬀﬂ /(ﬁ1ﬃ#   0*  !ﬁﬀ   
"
ﬁ1ﬃﬀ ( 
"
6   ﬀ$ﬀ 

1ﬃ
	
  
"&%
ﬀ ﬃ# &3

 ﬀﬂﬁﬃ "!ﬂ#ﬃ$%ﬀ'&()ﬁ'*+,*)ﬂ)-./0ﬃ ﬁ
J
%[M
h
M


b


9

gRO

Nﬃ%1M%gR
OfZ RO

z
O
bcb
132(465798;:
!=<
^

Y(

O ZkO)N

#	O

Nﬃ'Y

K%
/j 
 R&\  3Y6^

%i
J

h
O"'Y

@2ﬀ?>A@
B132B4C57 8WEDFD

'Y_Z6YFD R

	G
Zt<

/Z  
@
%
@

D% 

H

IG

@

H
## '\IT%/i
J
%
@
Y

D
G


#%KDR5%
@


G
/Y#
b



@
%3D
h
D


b


9


@
D
H
G
Y#%

@
D/Y6Z
@


fZ%#
H
'Y




Y
h


#%i Z6Z%7

LD
z
/Z
b



G
D%

b
D%
@



H
wR

G

zMG
R&\/i E	
G
b
Y Z%LD
h
D


b


.

G

z
Y
G
D%

	G
j


@

`
H

G
/Y



cR

	
G
Y

@
bcb

z
D%cR
G3@
%aR
G
/j
Z T
b
%
@
tND)Z
H

G

Y6^


x
H



q
H
Y7


/Z

G
6D
H

G
OD%
@
vZt<

/Z ﬁ#/i
J
%PD
h
D


b




q
H

GQG
b
R

A


G

H

#
G
Y
@




&
GQ@IG
fR
G
D
H
Yi
u



@
t<
j5
GQ@
Z%gY
b
R

H

@


Z%
@
D#
H
#
	G

ﬀ
M
u

X
u


M(

H
YRD%gR

IG

G
b

GS@
%6
G

H
%i

)Zﬀ[R5
G
b
.



Y#
@

G

H

#
G
Y
G
kZ
h

G
#-R
G
Y
b
/Y
G

@
aZtND
h
D


b


i

Zt</Y
@

@

H
aR

Y


@

G
D

D
G


H
4


G

H

#
G
YfZ%

KD)Z
H

G
b

z

D'Y6^

%.v\
@IG

Y6^

%
`
Z%
h

G
#]#
H

@
/Y
G
%i
J
%&
G



H


Y
G
%
@
%
H


@
Y
@
$
b



H
/Z
H

ZRD%-TR

G
'Y
GB@
%
@
D#
H
#
IG
T
b


aR5

h


 	
G

(

H
YRD% T
@
%0
G

H
%0LT
@
%
@
DR	


H
/Z

G
Y
b
D
G
Y6^

%i 



Y#C

0RR

G
FD%
@
%
H

G%G

H
'Y



 

@
t<
b
D)Z6Y

G

G
Z
G

H


G
H
'Y

Zt{Y
@


'Y
 
H
$'Y

@
%
/j 
[R]\ ﬁ'Y6^

%
x
H

G%G

H
'Y

[Z_YTD%ST
7
b
ZtND/Z



z

@
%
H
)Z6Z

Z%
@ H
/Z

G
Y
b
T
G

`
H

GQG

H
'Y

 

D


G'z
Y
@
%


` 

h
%

`/Z
z

G
Y'\
b
%
@

G

H

#
G H
'Y

i
J

h

G
3Y

; 
@
;
@
 

?

  =
@ H

@

@
t<

/Z  # ;
	
:
@ 
;
7
(

=
@czMG



@


G

h
/Y_Z,
IG
Zm^


G




 DFD

'Y6Z6YﬀOD


IG H
%
H

G%G

H
'Y

i
'N	 Z
Y
UO O$QOO$[ O  O$[\UQ
ﬁﬀ;%#


ﬃﬂ !ﬀ#"

%$'&ﬀ/

ﬂ#
@

@
D

%ﬂ(ﬀ(ﬀ

H
%3D)ﬀ
H

G

ﬂ("

%
@


ﬀ 
H+*
 	
 

@-,

H
"

ﬂﬀﬃﬂﬃﬂ

 @


G"
ﬂ
@


.ﬀ
@
D#
H
#
IG
$


D/D

)0&



(#1ﬀ%
G

ﬂ
 
ﬀ
G
%
@

@
D
H
ﬀ

H+*
)0&

7

ﬂ

G
23ﬂﬀ#
G
D

	G



@
%4H=

2OD
G
ﬂ
@

H G
ﬂ5&
G
% 
IG

G

ﬂ

ﬂ /(%

OY%ﬂ

ﬃﬂDOD D67ﬀ8ﬂ


IG
ﬀ%
G


#
G
4
ﬀ


ﬀ1ﬀ%
D/D

)0&

9/D
G
ﬂ
 


7



H
%
H G
ﬂ&
G
%D

:2
GQ@
D%


IG
ﬀ
,


%ﬀ ﬁ#%4
;=<
U T7> P@?BALDCQLFEG UQNHE
=

G

H

G%G
%


@
&




D
G
ﬂ

@

@-,

H
"

ﬂﬀﬃﬂﬃﬂ

@
%
@

D%
@
IJ&
c
*

IG
%4#)ﬀ

ﬀ Kﬀ
L
0ﬂ

ﬃﬂODMﬂ





D%$

N0

@
ﬂ
  H
$ﬃﬂ

@
%
H

@
ﬂﬃﬂ


@
Mﬀ 
	G
ﬂ#
@

@

D%4
J
%
H G
ﬂ5&
G
%
@
"

%ﬀ(ﬂFD
@ G


(

&
IGP@
%Oﬂ
P 
G
02$ﬃﬂ

Q23ﬀ


%ﬀ%
@

P 
H
ﬃﬂ

)02


@

H+*
%"






L
 ﬁ#&)0&

ﬃﬂ(ﬀ(ﬂFD


IG
ﬀ
,


%ﬀ ﬁ#%4ﬁﬀR2
G


ﬃﬂ

"
,

 H 

	G

!ﬀ&)0&
H

3@

*

GQ@

G


-

ﬂ7
	G
/(


$

ﬀ/$

7%ﬂ

ﬃﬂﬀ%
	G
ﬂ

H
ﬂ

%ﬀ%6

	G H
%
@

H

GQG
ﬃﬂ

@
%
@

D%4
;=<
U T7> P@?BA
S
C
S
ETB>VUW3EXC
S
> UHYWP N'U!E P@?HA
SJZ
K\[O]_^

%R7ﬀ

H

H

G%G
%


@


:&


N0ﬂ


#
@

	G
ﬂ
@

@

D%)

/ﬂ
G


H

ﬃﬂ





ﬀ

ﬃﬂ
IG

0ﬂ(ﬀ(ﬀ(ﬂ
G

@,
D/D

)02

4
J
%
H
G
ﬂ5&
G
%
@
`"

%ﬀ8ﬂODO


H

G
ﬃﬂ
 
D%


G
ﬀD2
G

a
cb

%ﬀ

G
ﬂ80&#
G

ﬀ 2

G
ﬂ
*
0b /ﬂ#

9&
G


#
G
ﬀ%(D/D

)0&


@
A

 
G
ﬂ
@
H
%ﬀ

G
ﬂ(0d&
G
%4ﬁﬁﬀ)

\(OD%

IG
ﬀ
,
D


G
23ﬂ-
G


e/(
G
# 
H
%ﬀ%ﬂ
G
%$aﬀ
,
D


G
23ﬂ 
G


e/(
G
Q02

"



# 9

D
H

G

L



 B
M
ﬀ
.+$
0

(

D%.
IG
I6f
J'g6


/ﬂ
G
ih
j k5l
Rm%nporq
k5l
Rs%npo
 7 H
J
j
B
M
ﬀ 
l
tm!.porq
B
M
ﬀ 
l
ts#.po

I6f
H
J
k
ru
&wvﬁxyvﬁz|{@}
~
n
 7
f
H
J
=

7ﬀ

H
%#]

ﬂ
G


FD`
,
ﬂ(ﬀ'
,
%#
	G

@
ﬂ


@
ﬁ
P 
H
ﬃﬂ

)0&


H

 @
H
%ﬀ

G
ﬂ80&
G


=e
6
;  :e
 6@ 
=
$
=

:+:;

:
6'

=M

=e
 @
?B(
Be
?

=
.+4
;=<
U T7> P@?BA
S
C
S
>wA
S
RA
S
N
S
Y
S
N?


 
ﬀ
G



G
0&
@

G


D
G

Gﬂ@
%
	G

7ﬀ&)0&%
@


ﬀ
H*
 	
 

@
Xﬀ
H

IG
C
@,

H
"

ﬂﬃﬂﬃﬂ

@
%
@

D%$D/D

)02




G
D/D

)0&

4 pﬀ
H

0


G
ﬀ%cﬂ
P 
G
02$ﬃﬂ

]

G
23ﬂﬀ#
G
D%
@


cﬀ%
  5&)02%
@
Kﬀ
H

	G

G


ﬂ
@


J\
.0
@
Kﬀ
H

IG

@

	G
D
H
ﬂﬀﬃﬂ

4

,
%C

ﬃﬂ&
H


ﬂ /(%

"


ﬀ% D/D

)02


@
1
G
ﬂ
H

*
D
G


.


G


OD%$


1
(

9
IG
ﬀ'


@,

H?H

$ﬃﬂ

@
%
H
)ﬀ(ﬀ

ﬀ%
@
H
%ﬀ

G
ﬂ(0d&
G
%4
'N	@Ł  O8T "[]Q UIZ]TVU

 "[ ]O$Q U
Y
T O$Q
J
%/
G

H
%
@
%


G
ﬃﬂ
H

ﬀ%
H*

G
2#D%1


G

H

#
G
ﬂ#%&


G
ﬃﬂ
Gﬂ@
%
H
>
GQ@

D%
@



ﬀ%
ﬂ(0


H

@


\ﬀ%
@
D#
H
#
IG

@
.
G

H
%
ﬀ
M

X
4
H
G
	
H
 

H*
%0

0262

Dﬃﬂ8"

 

ﬀRD
  
@
%ﬀ$
H
%

G

H
%
P 
G
0&





*
D)ﬀ(ﬂ
H

@


-ﬀ
@
D#
H
#
IG
Hﬂ(ﬀ(%


ﬃﬂ(7ﬀ
@

H
%ﬀ
H

ﬀ
G
ﬀ%
	G

	G
ﬂTDOD%

*
 ﬂ("

%
@

ﬀ


G
ﬃﬂ
H

ﬀ&


G
ﬃﬂ
G/@
:ﬀ Q0&%
IG

@
%


G
%0d&
G
%
@

H
##
*
D)ﬀ(ﬂ
H
%4





@


$ﬀ%


G
#%
@,
D


G
23ﬂ


G
ﬂ

#
G

H
ﬃﬂ

/(
H
ﬀQ02$ﬃﬂ&
G
.\ﬀ%
@
D
P



@-,
%ﬀ(ﬂ 2

)0&


	G

/

"




@
%
@
D
P 
G
02$ﬃﬂ


@

H
##

G



H


ﬂ
G

*
D)ﬀ(ﬂ
H
  
@
%ﬀ%4aD%
H

G%G

H
ﬃﬂ

7

9%ﬀ

G



H


D%4
7 7
ﬁﬀﬂ##7
G

ﬂ
G
D23ﬂ


@
ﬂﬃﬂ

H
#%


IG
#

ﬂ
G H

0

#
@
 ﬀ
,

H?H




H

@

H*
%"

D



L @
D#
H
#
IG
h
ﬀ
G
D23ﬂ
G

  
 !
$

%ﬀ)0&


H


/(
G
#


G
ﬀ
ﬀ
M
.ﬀ
X
$ﬀ
G
D23ﬂ
_
 !
 

 
IF$


G
ﬃﬂ)ﬀ(ﬀ
L
0&


H


/(
G
#


G
ﬀ
X
$.ﬀ 
G
D23ﬂ

/ 



I
 

 
.
@


\ﬀ%"

)ﬀ(ﬀD#

ﬀﬀ
ﬀ
M
%

ﬃﬂ(ﬀ(ﬂFD%4
J
,
"!
H

H
ﬂOD
@

G

H

#
G H
ﬃﬂ

ﬀ
G
D%

ﬀ

ﬃﬂ


IG
ﬀ%
H

G

H
OD
G
ﬂ#ﬃﬂ("

%
@
ﬀ1
G

H

@
D



@



@

0
G

@



ﬂ

.

G
23ﬂ
G
D% 
IG
3
G



H


ﬂ
G
%$,
@

H @


0
G

@

H

 H*
%-
H
ﬃﬂ /(%
@


1ﬀ
@
D#
H
#
IG
4
J
%7%ﬀ 2

G
ﬂ
*
0&%
@

G

H


G H
ﬃﬂ

@
.
G

H
%

ﬃﬂ(ﬀ8ﬂOD%&- 




N
(FD%D
IG7

%ﬀ 2

G
ﬂ
*
0&
@

"
%ﬀ(0C

:|I
<
$/(
G
ﬂ

%0 D)ﬀ(ﬂ

G
D
@
Mﬀ
,



##)0&




G
ﬀ 0 D
*

@

@
%.0

ﬂ

@IG
%
H

G%G
D%4
J
%


GeL
P 
G
02

H
%
@
 ﬀ
,
%ﬀ 2

G
ﬂ
*
0&
@

G

H

#
G H
ﬃﬂ

@
%D
G

H
%
@


#ﬀ%
@


Y



L @
D#
H
#
IG

H

07ﬂ

D%



@
D
H G
ﬂ#%Mﬂ
H
ﬂ4
J
,
"!
H

H
ﬂFD
@

G

H

#
G H
ﬃﬂ

@
%9
G

H
%
@


:ﬀ
G
D23ﬂ

H



G
%ﬀ



ﬀ 
 !
.7%#

a
D
G
ﬂ
IG
& $



	G@
%


G
ﬃﬂ
H 
ﬀ%
@,
ﬂ(0


ﬀﬃﬂ



D
G
ﬂ
IG
&

4
H
J
-
H
4
J

G
D%

ﬀ

ﬃﬂ


	G
ﬀ
,
ﬂ(0
L


ﬀﬃﬂ


G


e/(
G
# %#


G
%0 D
G
D
H

00&	

~
_

~
9




G
H


* 
E
f

f%f


?

~
4
J

@
D2
G

@
$ﬃﬂ

@
.ﬀ
G
D%

ﬀ

ﬃﬂ



	G
ﬀ%H2
G


@
%Rﬂ(0

ﬀﬃﬂ

H%#Rﬀ(ﬂRD&Mﬀ
,


230&

$ﬃﬂ

@
Nﬀ
,
ﬂ

H

G
ﬃﬂ
	@
6
IG
ﬀ
G
	

@

H

IG

IG
%4
J

G
D%

ﬀ

ﬃﬂ


IG
ﬀ02%
IG

@
d

G
%0d&
G

@,
ﬂ(0


H
7
,
D
H*
)ﬀ

0


G


&

f
H
0


G

4
J

G
D%

ﬀ

ﬃﬂ


IG
ﬀ
G

H

#
G H
ﬃﬂ

@
1/(
G
#Y
H

@
%ﬂ
G
%)$a
(FD/
IG
ﬀ%9
G

H
% &X2
G


@


G
%0&
G

@,
ﬂ(0


H
$5%#
@
ﬀ
,

GQ@	G

@

c
f
H
0
@


1ﬀ

ﬀ

G



f%f
H
0
@


1ﬀ

ﬀ 

G

8
4

%


G
PS
G
0C

H
%
@
D



@


9#

ﬃﬂ(7ﬀ)0&


@
Qﬀ0

ﬀﬃﬂ

ﬀ8ﬂ
H
ﬂOD 


G

H
%
@
Qﬀ
,
D/D

)0&

4
'N	@  O8T "[]Q UIZ]TVU

 "[ @Z "O  U O 


Y
O
J



ﬃﬂﬃﬂ

@
/(
G
#
	G
ﬂ(0C%ﬂ
G

@

ﬂ 	
G
!ﬂ

H





ﬂﬃ"



#

ﬀ)02

D)ﬀ(ﬀ


G
02
@

H
%ﬀ
H

ﬀ
G
H

G%G

H
#)0&

ﬀ%"


@IG
ﬂ
L
ﬂ80


ﬀﬂ


@
%





*
 ﬂ("

%
G

H

#
G
ﬂ

D)ﬀ
H

G

)$

$
0


 .+$!02%ﬂ)ﬀ(ﬀﬂ

#
G
/Fﬂ

7

ﬃﬂ
@


#ﬀ
G

H+*

G
H+*

@
 
G

H
%O&X2
G


@



G
%0d&
G
%
@,
ﬂ(0


H



@
/(
G
##
H

@
%ﬂ
G
%
@
D

ﬀ
H
D%4
J

G

H+*

G
H*

@
/(
G
#
	G
ﬂ(02%ﬂ
G
#
P
%ﬂ&


G

ﬂ0#)0

/&%#
@
D
H
G
ﬂ#

ﬀ

%0

ﬀ)0&


@


C:|I#$
<
6:

f
<
4

4

ﬀ
,
%ﬂ
@

@
% 
G

H
%
@
 "

%ﬀ(ﬂOD 0

(





0

ﬂ


@



H



@


 ﬀ
ﬀ
MD
.
@


~

f


H
J
_
H

@

.ﬀ
@
ﬂ#

H
&ﬀ
,


8
%ﬂ
aP
D
G
ﬂ
	G
 &

f%f
<
$ﬀ
,
%ﬀ 2

G
ﬂ
*
0&
H


G
ﬂ


	G
H*
%"

#ﬂ

#
G
/$%ﬀ(ﬀ
&8
9 I
H
0 ﬀ:ﬀ

2
@
P
%ﬂ
H
%

$


o

(FD'
IG
ﬀ
@
ﬂ#

H

@
%)
G

H
%
&
H
Q/(
G
#
H


@
ﬂ
@
$4
J
%#0ﬂ

ﬂ(0

02
@

H
%

o
@






Qﬀ(ﬂ##
@
1/(
G
#
G
ﬂ(02%ﬂ
G
%4
IF4D=


G

H*

G
H*


ﬀ


 


@
/(
G
#
	G
ﬂ(02%ﬂ
G
/%#/%ﬀ

G
 


H


D &


G
ﬃﬂ
G6@
C
G

H
%
@


ﬀ


2
G


@
1"

%ﬀ(ﬂFD%4



G
ﬃﬂ
G @
%./(
G
#
	G
ﬂ(02%ﬂ
G
%
G
D
H
D
@
)00&

9
G


/D%$

G
ﬃﬂ
G

@
M0C

ﬂ&
G

ﬂOD
G
$ﬃﬂ /(ﬀ 3
G

H
"

ﬂ
@
D2
G

@
Xﬀ

ﬀ


@


o
$


ﬃ"
,
&

#

ﬂ
G 

o
 
f4

 %ﬀ 2

G
ﬂ
*
0&


G
0&
@

G


#
G
ﬀ%'
G

H
%Qﬂ

%
@
 /(
G
# 
H

@
%ﬂ
G
%
H
G
D D%


G@
%


G
ﬃﬂ
H

ﬀ%&2
G


@
#)0


@
O/

ﬀ

*

@IG

#5%

 $ﬀ



 $4 4 4 .

 @
%'
G

H
%Q0C%ﬀ
G

H

#
G
ﬂ#%4
J
%M"


@IG
ﬂ
L
ﬂ(0


ﬀ ﬃﬂ


@
%A
G

H
%M\ﬀ
IG
02$
G
ﬂ
H

@,

G%G

IG



G
D%


#OD%&
H
#/(
G
# 4
J

	G

H
D
@IG
9%#
G



/()ﬀRD0)/(
H
ﬀ%
G

H
%
G
%#

#%


IG @
D#
G
0ﬂ


G



 ﬀ%N/(
G
#
@
Qﬀ
,
D/D

)0&

4

4

*
%"


H
G

ﬂ#)02


@


%"

2

2(

@IG


0

(

Y


G
cI*

D/D

)0&

)$M
@

H

ﬀ

ﬃﬂ
IG
N/
G
%ﬂ#/(
G
#
G
ﬂ(02%ﬂ
G
%4ﬁﬀ

@
ﬂ#ﬃﬂ

2

ﬀ
	G

H
%


@	G
$


/(


@

*


M0

0&



G


e/(
G
%$
@
%]


G
%dﬂ

#
G

H
ﬃﬂ


@
`7ﬂ%ﬂﬀ 0Xﬂ

ﬂ(0

0d$
@
_
(d0

0&

]
G


e/(
G
#%47=


OD)ﬀ
H
ﬃﬂ

	G


67ﬂ8ﬀ(ﬂ##N
(FD'
IG
ﬀ
@
ﬂﬀ#
G
ﬂ 

ﬃﬂ



ﬂ(0


ﬀﬃﬂ


G


e/(
G
#
@
%6
G

H
%(

H
ﬂTD%


G
0&
@

@
D#
G
0ﬂ


G
ﬀ1/(
G
#
	G
ﬂ(02%ﬂ
G

@
Qﬀ
,
D/D

)0&

4
7
!
J
 
2
IG


4
c
4
%
ﬂ8ﬀ(ﬀ

#
G
#ﬀ%
H

G

H
FD
G
ﬂﬀ#ﬃﬂ("

%
@
%./(
G
#
G
ﬂ(02%ﬂ
G
%
G

H

#
G
ﬂ)4ﬁﬀ


@
ﬂ
G
ﬂ 

D%

	G
ﬀ
,

ﬁ
8
#)ﬀ



:2

ﬂ


@
9ﬀ 
G
2(
IG I

f
H
0K4
J
%r/(
G
#
	G
ﬂ802%ﬂ
G
%6#.ﬂ



A

0

(



&
I
c
f
H
0
@
ﬀ
,

ﬁ
8
@ @
D#
H
#
	G
4
 / ndf 2χ   65.5 / 75
Prob   0.775
Constant  4.4± 351.9 
Mean      0.25450± 0.09171 
Sigma    
 0.18± 24.62 
PV z (cm)
-100 -50 0 50 1000
50
100
150
200
250
300
350
PVz
htemp
Entries  9357
Mean   0.04947
RMS    0.0328
Underflow       0
Overflow        0
Integral    9357
PV r (mm)
0 0.05 0.1 0.15 0.2 0.25 0.30
100
200
300
400
500
  
4
c
4
%
	
ﬃ
%


ﬃ

/
ﬀ
ﬃ
ﬁﬂ
(
ﬁ
*

ﬃ

ﬃ 
(

  

*

!




ﬃﬂﬃ
%
ﬂ
 

%

  
"
%

ﬃ



 

%
ﬃ


/
%
ﬃ#$
%

%

!
ﬂ
ﬃ
%


ﬃ

/


%
%ﬂ
ﬁ
&ﬀﬃ#

( ﬁ
&
3
.

dﬂ(0

ﬀTD)0&

$ﬃﬂ


@
Qﬀ
,
%ﬀ 2

G
ﬂ
*
0&
@

G

H


G
H
ﬃﬂ

@
1/(
G
#
G
ﬂ(02%ﬂ
G
%Aﬂ##

 &- $

@
ﬂ

&
G


M
	G
ﬀ "

%ﬀ(ﬂFD
@
%M
G

H
%N"
,
ﬂ(ﬀ

ﬃﬂ(ﬀ(ﬂﬀ#

4
J

	G
)0ﬂ
G
%#

ﬃﬂ(ﬀ8ﬂOD


IG
ﬀ
G

H

#
G
H
ﬃﬂ

@
%




H
%ﬀ

G
ﬂ80 D
G
ﬂ("

%4
J

@


ﬂ&)0&%$

ﬀ


	G
D
H
ﬂ)$%

ﬃﬂ(ﬀ(ﬂFD


	G
(

H
ﬂ
G @
%






G

H
%)$
ﬀ



 .+

/(
G
#
	G
ﬂ(02%ﬂ
G
%4ﬁﬀ


G
0&6



ﬂ#
@

G

H

#
G"
ﬂ
G

@
%\/(
G
#1#
H

@
%ﬂ
G
%
@
D

ﬀ
H
D%
@

H
%ﬀ
H

ﬀ
G @
%


G
%0&
G
%
@,
ﬂ(0


H

@
%
G

H
%


G G

a

G
7

/(
G
#
G
ﬂ(02%ﬂ
G
%4

	G
&%
G

H

#
G
H
ﬃﬂ

$ #

ﬀ 1ﬀ%M/(
G
#
	G
ﬂ802%ﬂ
G
%
@


"

%ﬀ(ﬂFD2


G
#



h
ﬂ(ﬀ
@

ﬂ /(


	
G

G

H


G
ﬂ.&#ﬀ
,
ﬂ

FD
G
ﬂ
	G @
ﬀ
8
.ﬀ

0Xﬂ



#
 8')(  7
f
H
0d$ /(
H


0

ﬂ




G

H
%


ﬂ




/(
G

H
Q/(
G
# $)/(
H


D
H

G

/8 +*
H
0 


G
ﬀ%N/(
G
#
@
%
@


3%ﬀ(2

G
ﬂ
*
0&%)4
'N	+N  O8T "[]Q UIZ]TVU

 "[ ]O$Q  -,)	 O&UQO

O$TVU  
Y/.
[O&U
10
Z O$Q
.

1%ﬀ 2

G
ﬂ
*
02%
@

G

H


G
H
ﬃﬂ

@
%



3D)ﬀ
H

G

0262

Dﬃﬂ("

%

 DOD
@
D/()ﬀ

a
D%&O- $
H

G%G
%


@


&
@
%
@

02%ﬂ

%
@-,
D


G
23ﬂ
@
ﬂ

D
G


#%4
J
K0 D
*

@

@
Xﬀ
G


#


G
0&
@

G

H


L

G
ﬂ
G
rﬀ%6D)ﬀ
H

G

R0


$
H
,
%#
L
&
L @
ﬂ
G




D


G
2#Dﬃﬂ("

% 
}
2*H
JO4rﬀ8ﬀ


	G


@


H

0

#N"


ﬀ%
H
)ﬀ8ﬀ

ﬀ%
H
%ﬀ

G
ﬂ(0 D
G
ﬂ("

%&dﬀ
,
ﬂ

FD
G
ﬂ
	GC@,<


G


#
H



G
D1
IG
ﬀ
,

G



ﬀ$ﬃﬂ

@
% 
G

H
%4


%ﬀ 2

G
ﬂ
*
0&-.#%.%0 D)ﬀ(ﬂ

G
$ﬃﬂ

D


@
D
H
G
ﬂ
@


:ﬀ
H*


ﬂ
G
434
J
0#
H

@
%ﬀ 2

G
ﬂ
*
02-%#
H
	Z
H



IGSG

H

#
G"
ﬂ
G
1ﬀ% D)ﬀ
H

G



*



 D


G
2 Dﬃﬂ8"

%)4

,
%#


%ﬀ 2

G
ﬂ
*
0&
@

H
	

-ﬃﬂ80

ﬀ(:

<
"

ﬂ
G
(#)07ﬀ%$'&


G
ﬃﬂ
G @

H
)ﬀ(ﬀ

ﬀ%65ﬁ2(
G
0&%ﬃb&#)ﬀ(ﬀ%"

 
~



*H
JO$aﬀ%
H
)ﬀ(ﬀ

ﬀ%
@
H
%ﬀ

G
ﬂ80&
G

&



@
ﬂ#

H
K0C
ﬂ(0C%ﬀ
@


B

f

IF46=


PS
ﬂﬀ
H
%02( D)ﬀ
H

G

0262

Dﬃﬂ("


H

#ﬃﬂ

D%$

ﬀ
L
ﬃﬂ
IG
9/ 
G
ﬂ67ﬀ% 


H
%ﬀ
H

ﬀTD%$
H

00&ﬀ
H



G

@
2
G
/FﬂOD
@
ﬀ
,
%02()$,#%
@
ﬂ80&

ﬃﬂ

$ﬀ
,
D


G
23ﬂ
D)ﬀ
H

G

0C62

Dﬃﬂ("


H

#



@





H
	


@

G
	

G




IG)@
 ﬀ
,



87 :9<;=7
B

G
..


ﬀ
,
D


G
23ﬂ


%ﬀ>7 
9?;A@/BDC/E
7
B

G
..+4
7

 G P@?
S
G
S
EC
S
U T7> P@?HA
S
C
S
E A
S
>
S
W%?G UNHE
J
%
H G
ﬂ&
G
%
@
D

ﬂ



3


LD)ﬀ
H

G

0C62

Dﬃﬂ("

4

 
(FD%7
IGN
ﬀ

ﬂ
IG
\/ 
G
ﬂ67ﬀ%
H

G%G
D)ﬀRD%
h
;RA
	
%Bﬀ
P
G

H
ﬃﬂ

D)ﬀ
H

G

0262

Dﬃﬂ8"


@
ﬀ
,



4rﬀ8ﬀ)%#

ﬃﬂ(ﬀ8ﬂOD


IG
OD


G

G
ﬀ%CD)ﬀ
H

G


ﬀ%
 *




@
%


*

@IG

ﬂ("

%$


ﬂﬃ"


H
%
	G
)0ﬂ
G

@
D


#


	G
%ﬃ"

O


#_ﬀ
IG
D


G
23ﬂ
@


 ﬀ
H
%ﬀ

G
ﬂ(0d&
G
 D)ﬀ
H

G

0262

Dﬃﬂ("

%4
A
	
%#
	G

H*

@




IG
ﬀ% D)ﬀ
H

G

9
ﬀ%
 *



)4 rﬀ(ﬀ.%
@
D

ﬂ


G
h
A
	
9
A
7

f I,.
A
@ 7

f I,.
;RA


@




9ﬂ
P 
G
02$ﬃﬂ


IG
ﬀ%
@
D

	


@,
D


G
23ﬂ.

@

*

G

@ H
	


@
:ﬀ
,
D)ﬀ
H

G

$


G
G

a

G
&cﬀ
,
D


G
23ﬂ
@
 ﬀ
,
D)ﬀ
H

G

4
 


@
D

	

&ﬃﬂ 2

ﬂ
H
$ﬃﬂ
P
@,
D


G
23ﬂ1

@

*

G

@
ﬀ2(
G
5
D)ﬀ
H

G

0262

Dﬃﬂ("

Yﬃﬂ(2

 ﬀ 
	G
D%

H

@,<




G




$

 



G
ﬁ)0

ﬀ%4'


H

H
($
ﬀ
,
D)ﬀ
H

G

G

H


G
ﬂ6%#
P
%ﬂ.ﬀ


G
ﬃﬂ D)ﬀ
H

G

0262

Dﬃﬂ8"


@-,<
 
4
A
1

%#
	G

H*

@

f


	G @
%LD)ﬀ
H

G



d *



 ﬂ

ﬀRD%)4
J
,
ﬂ

ﬀ$ﬃﬂ

D)ﬀ
H

G

0262

Dﬃﬂ8"

0%#
@
D

ﬂ


G
h
A


9
A
@ﬀ 7

f 3.

 Aﬁ
7

f I,.
A 
7

f I,.
;ﬃﬂ! 
!
H

G

H
FD
G
ﬂ:ﬀ
PS
G
022#D

0 D
G
ﬂ8"


@
Nﬀ:2(
G
;%$
H
P 
G
0&



&
H
)ﬀ(ﬀ
@,<

D)ﬀ
H

G

4
=



#)07ﬀ
@

!
/ 
G
ﬂﬀ67ﬀ%
H

GQG
D)ﬀTD%/%#

ﬃﬂ(ﬀ(ﬂFD


IG
H
%ﬀ
H

ﬀ
G
H
##/ 
G
ﬂ67ﬀ
h
ﬀ%63
P
G

H
L
ﬃﬂ


@,
D


G
23ﬂ
H

#



@



H+*

H



@
%3
H


H+*
%
@
H
%ﬀ

G
ﬂ(0&
G
ED)ﬀ
H

G

0262

Dﬃﬂ8"

%$
ﬀ
,
D


G
23ﬂ
@
Qﬀ
,
D)ﬀ
H

G

$7ﬀﬀ 
G
2(
IG


 @
QﬀO2(
G
;
G

H

#
G
ﬂ#.#ﬀ


ﬃﬂﬃﬂ

ﬀ

23ﬂ
	@
ﬂ

%ﬀ
@
/(
G
#
	G
ﬂ(0C%ﬂ
G
%4
J
i02$
G
ﬂ
H

@

H

/$
G
ﬂ

H

@

H
%
!
/ 
G
ﬂﬀ67ﬀ%/%#
H

#
G
ﬂ# &


G
ﬃﬂ
G
@,
D)ﬀ
H

G

ﬂﬀ

ﬀTD%&ﬃﬂ(0

ﬀRD%$	2

ﬂ

/(
G
#%$

FD

$	%#

ﬃﬂ8ﬀ(ﬂFD


IG
H
%ﬀ
H

ﬀ
G&

o
/(
H
ﬀ
,



 D)ﬀ
H

G

0C62

Dﬃﬂ("


H


@
ﬂ
@
$4 ﬁﬀ
@

ﬂ 	
G


ﬃﬂ


IGP@
%




G
%#)0!ﬀ

K&
@
%
D)ﬀ
H

G



X
*



4
J
"



ﬃﬂOD
ﬂ"! 
!
%#
H
%ﬀ
H

ﬀTD&


G
ﬃﬂ
G/@
/(
H
#
IG$# 

^
#
H

ﬃﬂ

D
@
%
!
/$
G
ﬂ67ﬀ%N0

ﬂ

 ﬀ
	G
/ %ﬀ
	G
0

(

-%#ﬃﬂ(0 D


G
ﬀ&ﬃﬂ80

ﬀ $ﬃﬂ
ch
ﬂ! 
!
9

7
# 

^
#
.
ﬂ
7
# 

^
#
.
;

o%

'&
%






G
0&
@

@
ﬂ)( D
G


H
ﬂ
G
ﬀ% D)ﬀ
H

G


@
%

*




H

0


G


 ﬀ%
H

G

H
FD
G
ﬂﬃﬂ("

%
7 D


G
23ﬂ 


ﬃﬂﬃﬂ

.
@
% 
G

H
%V
@
%
@
D

	


@


 ﬀ
H
%ﬀ

G
ﬂ(0&
G

@






G
D23ﬂ

*

[
*

9 fyf
*
[Kfyf
*
4
J
O/$
G
ﬂ67ﬀ
@


o
%#
H

#
G
ﬂ#
H

0X0&
h

o
%

+&
%




9
D


<-,
G
o
q
D
/.
<10
G
o
q
D
APK3254*K 


<
-67

6
G
o
;
J


#
@

LG


ﬂ
@
ﬂOD
@
tﬀ
,
D)ﬀ
H

G






98
G


ﬃﬂ(ﬀ(ﬂﬀOD


	G
H

G

H
OD
G
ﬂ#
G
ﬀN"

%ﬀ(ﬂFD
@
tﬀ
,
D)ﬀ
H

G



ﬂﬃ"

 ﬀ
,

H?H




H

@ @
D#
H
#
IG @
 
G

H
;:

:

I<
*
ﬀ(ﬂ(0Xﬂ# ﬀ
,
(

H
ﬂ$ﬃﬂ

@ @
D

8


D)ﬀ
H

G

0262

Dﬃﬂ("

 &


D
G

H
%41=M##M/ 
G
ﬂ67ﬀ


G
0&6

ﬃﬂ
@
9ﬀ

H
%ﬀ(ﬂ
G
ﬀ%
G
D23ﬂ


G

	G

L
0&

BD%ﬀ

D%
@

H
%ﬀ

G
ﬂ(0&
G
%4

ﬂ

ﬃﬂaﬀ
G
D23ﬂ

H

G%G
%


@


1&ﬀ
,
>=. 7


 
:
<?
}A@
:
 

*CB

,
%#

(
H

ﬃﬂ
@
D
G
D
@


 ﬀ%7

%ﬀ  %

D
H
%ﬃﬂ


@
% 0&%
IG
%
	G
D
H
ﬂ#%
@
Qﬀ
,
D


G
23ﬂ%4
;
=


G
0C$ﬃﬂ

 
D

ﬂ(/(%
D
Jr

J
I
h 


@,
D/Fﬂ#
G
ﬀ%
	G

7ﬀ&)02%
@


ﬀ
,

H
"

ﬂﬃﬂﬃﬂ

@
%
@

D%$Bﬀ
,
D)ﬀ
H

G

G

H

#
G"
ﬂ
@

ﬂ0)/

ﬂ
G
#
G
/ﬂ)
 @
D
H
ﬀ

H+*
)0&


@


ﬀ%

ﬂ /(%
D
Jr

J
IF4
J
,
(

H
ﬂ$ﬃﬂ

%
P
%ﬂ#
@





H
8


*
B

f 3^



IG(@
ﬀ
,
%02( D)ﬀ
H

G

0C62

Dﬃﬂ("


G

H

#
G
ﬂ4
;
*
8
7E JGF
@
H

}
B
%#Mﬀ
@
ﬂ#

H
0


G
 ﬀ /(
G
#
Dc	G
ﬂ(02%ﬂ
G
 1ﬀC
G

H
/(

H
ﬂRD &ﬀ
,
D)ﬀ
H

G
Jh
ﬂ(ﬀ


G
0&
@

G


#
G
ﬀ%KD)ﬀ
H

G




	G

/(





(
@
Qﬀ
,
ﬂ

#
G

H
ﬃﬂ

@IG
%4
7IH
; @ H

}
2 <
?
&v
H

G

H
OD
G
ﬂ#1ﬀ
@
ﬂ#

H

@
#ﬀ-
G

H



G)G

a

G
)

/(
G
#
DXG
ﬂ(02%ﬂ
G
%4
<

&
%
ﬂ

H
ﬀ

tﬀ%
ﬂ

H

G
ﬃﬂ
@
%
IG
ﬀ&
G



H


ﬂ
G

@
ﬀ&
G

H
4.
IG
ﬀ


ﬂﬃﬂ

@
/(
G
#
DK	G
ﬂ(0C%ﬂ
G
%41=M
H G
ﬂ5&
G



G
0&
@

G


#
G
ﬀ%N0C

/ %ﬂﬀ#%7(

H
ﬂ$ﬃﬂ


@
 
G

H
%
	G

/(




@
%N/(
G
#
D
#
H

@
%ﬂ
G
%4
;


$


IG
ﬀ%;D)ﬀ
H

G

 D


G
2 Dﬃﬂ("

%ﬂ

ﬀRD%


ﬂ8"

)02

$+%#


%ﬃﬂ(02$#
IG

(FD*
IG



P 
H
ﬃﬂ

@
/
G
%ﬂﬀ#)0!ﬀ

H


ﬃﬂ(ﬀ(ﬂ

 ﬀ%
!
/$
G
ﬂ6!ﬀ%
H

G%G
D)ﬀRD% 

ﬂ /$

#%
h
ﬂ! 
!
$ 
M 
$

&vﬁx (
~
2 
@V{Vv & }
~ $aﬀ

0
G

@
 
G

H
%
@





H
8


@
Qf4yf
*




IG @
1ﬀ
,
D)ﬀ
H

G

 

@

G
D
@

ﬂ
G

ﬀ%
H

/(
G
ﬃﬂ




@
R$rﬀ 

0X0&
@
%ﬂ(0


ﬀﬃﬂ


@
%&
G

H
%
@





H
8


@

G
	

B
9Mf4 3]



	GC@
ﬀ
,
D)ﬀ
H

G



IG G


#
G
ﬀ
G
ﬂ
@

PS
@
0

ﬀﬃﬂ

$ﬀ/$
G
ﬂ6!ﬀ

o
v
uVu
( & zyv'@ z ()
@,
(

H
ﬂ$ﬃﬂ

&


3
G

H
%$Aﬀ
@
ﬂ#

H

@
K0

ﬂ

@IG
1
a	G

H*


/(
G
#
DJ	G
ﬂ(02%ﬂ
G

@
dﬀ

G

H
 (

H
ﬂRD%4 9?; %
	G

H*

@




IG @
%LD)ﬀ
H

G

LD


G
2#Dﬃﬂ("

%D:ﬂ

ﬀRD%)4
ﬁﬀ+
D
ﬂ##

ﬀ

ﬃﬂ
	G


ﬂ /(%
D @
X"

%ﬀ(ﬂFDC
IG
ﬀ% D)ﬀ
H

G

4 pﬀ




	G



@,
%0 D)ﬀ8ﬂ

G

G
ﬀ
@
ﬂ
L
H G
ﬂ80ﬂ

$ﬃﬂ

/(
H @
%
 *




@
%


*

@	G

ﬂ("

%
	G
ﬂ

H
ﬂ

%ﬀ)02

4 =M%7

#)0!ﬀ%
@

H G
ﬂ5&
G
%




ﬃﬂ8ﬀ(ﬂFD%


IG
ﬀ
,


%ﬀ ﬁ#
@
D
H G
ﬂ# 
 H+*


ﬂ
G

*
4
J
%
H G
ﬂ5&
G
%
@-,
ﬂ
@


ﬃﬂ
H
$ﬃﬂ

@,<
 


 D)ﬀ
H

G

0262

Dﬃﬂ("

 D


G
2#Dﬃﬂ("

  ﬂ

ﬀRD 


h

M 

f
H
$ 
MDz
u
( 
f
2*

ﬂ"  
!
+*
f4
J
% D)ﬀ
H

G

,D


G
2#Dﬃﬂ("

%Kﬂﬀ

ﬀTD%?;
		

=



@
D

ﬂﬀ


G
ﬀ%
H
G
ﬂ5&
G
%
a
ﬀTD)0&

%ﬂ
G
%3

ﬂ
L
/$


h

}
~

2* H
J $9:
 ?
}A@
:

I<
*
$

o
v
u@u
(
& zyv'@Vz
()

fyf

$
*
8
7E]JGF
@
H

}
B  
H
0d$
@
H

}

<
7
@
H

B

H


G
0 D%7


ﬂ /(%
 @A@
D
H
ﬀ

H*
)0&

4
J

H
G
ﬂ5&
G
;
 
 

=


G
0&
@,
ﬂ
@


ﬃﬂ  
G @
%6D)ﬀ
H

G

CD


G
2 Dﬃﬂ("

%+ﬂ

ﬀRD%+
7
ﬀTD)0&

%ﬂ
G
%
@



ﬀ
,
D/D

)0&

4 


ﬀ


@
%
H
G
ﬂ5&
G
%
@-,
ﬂ
@


ﬃﬂ
H
$ﬃﬂ

@
% D)ﬀ
H


$ ﬂ8ﬀ $ﬃﬂ
P
%ﬂ &
h

}
~

2* H
JO$9:
<?
}A@
:

I<
*
$

o
v
u@u
(
& zyv'@Vz
()

fyf

$
'9?;

f
*
4
J
%AD)ﬀ
H

G

 D


G
2#Dﬃﬂ("

% 1ﬂ

ﬀRD%R;		

=

(

'


ﬀ

9ﬀ%
H
G
ﬂ&
G
% 9<;

f
H
$:

?
}A@
:
 






*
:
 ?
}A@
:

I<
*


D
a
)ﬀTD% ;



=
4
'N	  O8T"[]Q UIZ]TVU

"[ ]O$Q O&UQ
Y
ﬀ"[
10
Z O8Q
=
 

*

@IG

ﬂ("

	%#Bﬂ
@
rﬀ
,
*

@IG

ﬂ$ﬃﬂ


@
rﬀ
P
G
62302

$ﬃﬂ

@,<

"


G


P@,<

23ﬀ


4
J
%


G
ﬃﬂ
H

ﬀ%Bﬂ

#
G
623ﬂﬀ

	/(
H
ﬀ
@
D#
H
#
IG


tﬀ

ﬀ

Q


/(


@
%


G
ﬃﬂ
H

ﬀ%	#67ﬀ%A7
	G




B


&ﬀ

2


@IG
D
@
 /ﬂ
h

ﬂ

)$



)$




G

4
J



*

@	G

ﬂ("





8
G

@
D

ﬂ
@


ﬀ

ﬃﬂ
IG

P

Z
H


h



ﬂ /(%

2 D

D
G
$#
IG
7ﬃ&Kﬀ
,
%ﬂ
@

@
%


G



B
$ 


ﬂ(/(%
 @
%


G
ﬃﬂ
H

ﬀ% 7
*

@IG


B
 


ﬂ(/(%


DF
D
G
ﬂ80&

%ﬀB&1ﬀ
,
%ﬂ
@

@

H
)ﬀ(ﬀ

ﬀ%
@
H
%ﬀ

G
ﬂ(0d&
G
%4



@

P
%ﬂ
G

@
%
	G
D
@
ﬂ
H
ﬃﬂ


H

0


G
6!ﬀ%



G

H
%&
G

ﬂﬀ

ﬂ /(%
D
$Rﬀ%&%ﬀ 2

G
ﬂ
*
0&%
@

G

H

#
G
H
ﬃﬂ

@
%


@

ﬂ /(

2$ﬃﬂ
P
%ﬂ
G


ﬀ

ﬃﬂ
IG

	G

	G
ﬂRDOD%4
;
J
%


G
PS
G
0C

H
%
@

H
%/%ﬀ 2

G
ﬂ
*
0&%
@

ﬂ /(

 8
G
dﬂ

@
D



@


#%
@
%



0
 D
"

)ﬀ ﬂ(ﬀ

,

a
ﬀ(ﬂ8"



"7

ﬂ /(%
d

G


ﬂ("

%$

ﬂ /(%
d

G
ﬃﬂ
H

ﬀ%$

ﬂ(/(%
 G

H

#
G"
ﬂ
B
4
;
pﬀ


@

ﬂ /(



(ﬁ8
G
-

ﬃﬂ 7ﬀ%A
D3@
ﬂ(/(
G
2(

H
%Nﬂ
P
G

G


2(%A
D
ﬃﬂ

2

ﬀ
G
ﬂOD%
H

ﬀ(ﬂ

D%%ﬂ
G
%
7
G

@
ﬂ$ﬃﬂ

@,<

23ﬀ


0



 @IG
B
4=M

,
%#

(9ﬀ
H
(


IG
ﬀ%9%ﬀ(2

G
ﬂ
*
0&%

ﬃﬂ(ﬀ8ﬂ


@
%



 5ﬁ2(
G
0&%ﬃb
H

00&


ﬂ


@

@
D


G
4
;
pﬀ
@

ﬂ /(

 8
G
ﬂ

/$
G
ﬂ




G

G



P 
G
02$ﬃﬂ



D
H
ﬂ%ﬀ
@

J 
G



8
$
H

G
ﬀ
H



G

@
 0C(#
@
Qﬀ
H

ﬀ(ﬀ(ﬂﬀﬃﬂ



G


L 

G

]
,
%#

(7
 G




@


 ﬀ
G
D
P
D
G


ﬃﬂ)ﬀ
@
ﬀ 6

G
$

ﬂ
G
%4
;
=M%&%ﬀ 2

G
ﬂ
*
0&%
@

G

H

#
G
H
ﬃﬂ

@

ﬂ /(

 8
G

H

0

$ﬃﬂ !ﬀ%/)/(
H
ﬀ
,
%ﬀ(2

G
ﬂ
*
0&
@\B9


ﬁ
f

	G
P

H
ﬂ(ﬀ(ﬂ#
G
ﬀ%
H

0


G
%ﬂ

4
;
pﬀ
@

ﬂ /(

 8
G
4"!
H

H
%D

#)0


@

H
%ﬀ
H 
ﬀH


ﬃﬂ8ﬀ(ﬂ$ﬃﬂ

@
%
G
%

IG H
% ﬂ
P 
G
02$ﬃﬂ("

%4
E\ﬀ

ﬃﬂ
IG
)%ﬀ 2

G
ﬂ
*
0&%$
G
%


H




0ﬂ
 D H
%
H


G
%ﬂ

#%$

3DFD
H
	Z
H 



IG/G

H

#
G"
ﬂ
G

H
%


G
ﬃﬂ
H 
ﬀ%&


G
ﬃﬂ
G3@
%
*

@	G



E@
%
@
D

8


@,
D


G
23ﬂ
@


ﬀ
H
%ﬀ

G
ﬂ80&
G
%4
J

	G
)0ﬂ
G
$
ﬀ
,
%ﬀ(2

G
ﬂ
*
0&
@

H
8

<; 
 
	
,

  #



(
	



	





=
:

I
<
$
H*

G H*

@
X02

ﬂ&
G
XﬂOD
G
$ﬃﬂ /(
@
%
62
G
D2$a#67ﬀ%i&


G
ﬃﬂ
GL@,



2(
G
0&% 7


G
ﬃﬂ
H 
ﬀ%$
H
)ﬀ(ﬀ

ﬀ%
H
%ﬀ

G
ﬂ(0 D
G
ﬂ("

%3
L @
%


@,<

#

ﬂ(ﬀ
B
41=M%D62
G
D2$ 

D



ﬂ# OD


G
D%

G
2
G


D%D
KP 
H
ﬃﬂ

@
ﬀ
IG0@
ﬂ#

H

@


 ﬀ

ﬀ


[

4
J
 #
H

@
$ﬀ
,
%ﬀ 2

G
ﬂ
*
0&
@


K
$
,
 (
G


H+*
ﬂ
@
1ﬀ
PS
G
02
G
ﬂ 23ﬂ
@

@

H
8

 

G
(#)07ﬀ


@
%
62
G
D2$D
,
ﬂ(ﬀ6



!C%00&


G

H+*
%4pﬀ;Oﬀ
	G
D
P
D
G


H

@
%A
*
D

G
ﬂ
H
ﬂ




ﬂﬀﬃ"
-,
ﬂ(ﬀ
	G


@
0ﬂ
 D


H

0

# ﬀ%	 (;
@
Nﬀ	 =. 43'

+


Rﬀ%
H
($

 


,
%#
@
D

ﬂ"

ﬃﬂ

D


G
23ﬂ
G


ﬃ/(
G
#
%#6

D
G
ﬂ
	G
&	
H
J 4=%A%ﬀ 2

G
ﬂ
*
0&%$?
,
ﬂ(ﬀ+

A
a
ﬀ8ﬂ("

D%A
IG)@
%
H
)ﬀ(ﬀ

ﬀ%
@ H
%ﬀ

G
ﬂ(0d&
G
%$>


%0 D)ﬀ(ﬂ

G
D%


G
ﬀ3
aG
%ﬃﬂ

@
%
H
)ﬀ(ﬀ

ﬀ%:
G


#%'

%0


@
Oﬀ
,
D


@

G

H

#
G H
ﬃﬂ

4
J
%
%ﬀ 2

G
ﬂ
*
0&%
6 


:

<


3I :

3
<
D)ﬀ(ﬂ80ﬂ





f_&
7
f

@
%
H
)ﬀ(ﬀ

ﬀ%
@ H
%ﬀ

G
ﬂ(0d&
G
%$ "

ﬂ 


G
%
L


H
ﬃﬂ /()0&

 ﬀ%
H
)ﬀ8ﬀ

ﬀ%.ﬂ

ﬀRD%9:ﬀ%
H
)ﬀ(ﬀ

ﬀ%
@

 ﬀ
,
D


G
23ﬂ %#
H

0

$ﬃﬂ !ﬀ-)/(
H @
%
 H


$ﬃﬂ


@

G
ﬂ"7ﬃ& 3
<
B
4
 
U7G G
S
W%? PVUNHE2TBG 
S
EG
S
W3UNHE?G$U'W3? PVUN
J
,
D


G
23ﬂ
@

X0&%
IG
D


G
ﬀ
H
%ﬀ

G
ﬂ(0d&
G
Y%#
@
ﬂ)( D
G


#
@

H
)ﬀ(ﬀ
@
D


FD


G
ﬀ

$r"

ﬂM%#
)ﬀ(ﬀ
L
0 8)0&
@
ﬂ( D
G


#
@
ﬀ
,
D


G
23ﬂ
@
*

@IG

ﬂ

ﬂﬃﬂﬀ

ﬀ

4D%
H

G%G

H
ﬃﬂ

$6
7
)ﬀRD% 5 D
H*
)ﬀ8ﬀ
@,
D


G
23ﬂ
@
%

b-

	
7
ﬀ(ﬂ("

D%:&Mﬀ
,
D


G
23ﬂ 0&%
IG
D
}
u
@


+ 

@

G
)0

#
G
&Mﬀ
,
D


G
23ﬂ
@


G


ﬂ

ﬂﬃﬂ%ﬀ
&
(
{@{
4
6D


@
D
H
G
ﬂ /

.ﬂ
H
ﬂﬀ%
H

G%G

H
ﬃﬂ


@
D

ﬂ%
@


ﬀQ/(
G
ﬂ
 *
4

@	G

2
G
%00&

5 8E:
 *
<


ﬃﬂ(ﬀ(ﬂFD%
@


9ﬀ
,


%ﬀ #%4 =M%
H

G%G

H
ﬃﬂ

'


@
ﬂ)( D
G


#% #)ﬀ

ﬀ
,
%ﬀ(2

G
ﬂ
*
0&
@

G

H

#
G
H
ﬃﬂ

@
%ﬁ#4 E

IG
ﬀ
,
%ﬀ 2

G
ﬂ
*
0&
@

H
8



ﬃﬂ8ﬀ(ﬂFD%$Q)ﬀ(ﬀ%



/(

 8
G
FD


G
D%C


G

ﬂ
H


G
ﬂ 

ﬃﬂ




 ﬀ 
PS
G
02 

ﬂ /$

#
h
A
&
 
9
Aﬃﬂ 


"!
 [
F
;#!
%#ﬀ/#
G
02
@

PS
@
H

ﬃﬂ


$

(

H
ﬂRD`&dﬀ
,
ﬂ

#
G

H
ﬃﬂ

@	G

h

G
ﬂ
@
ﬀ
,<IG


ﬂ

0d$
@

ﬀ
,
D)ﬀ
H

G

ﬂ("

%$
@
Xﬀ
,
)0

ﬂ(ﬀ)0&

-
@
% D/D

)0&

C



L
ﬁ
H


)4 ﬁﬀ)%#
@
D#
G
0ﬂ

Di&


G
ﬃﬂ
G
@,
D/D

)0&


@
7ﬂ%ﬂ:0ﬂ

ﬂ(0

0 


G
%0 D
G
D&
P 
H
ﬃﬂ

@

$

A
@
 ﬀXﬀ

0ﬂ

ﬃﬂODﬂ


L




D 7

0
G

@
1/(
G
#
DKG
ﬂ(02%ﬂ
G
%
B
4
;
 %##ﬀ #
G
0&
@

G
D


#
@
H
%ﬀ

G
ﬂ(0d&
G

h
H
,
%#9ﬀ
G

a

G



G
 ﬀ
,
D


G
23ﬂ
@
D


FD 7V/
G
%ﬂ
B
@
ﬁ@#ﬀ
,
D


G
23ﬂQ0&%
IG
D%4
J

G
D


#
@
H
%ﬀ

G
ﬂ80&
G
-%#
@
Qﬀ
,

GQ@IG

@
1f4
ﬁ *

@
D



@ @

ﬀ
,
D


G
23ﬂ
@
ﬁ#$
$

5
%$

ﬁ4rﬀ(ﬀ6%#
@
ﬂ)( D
G


#
@


&
H


#
@
.02$OD
G
ﬂ
D

L
ﬂ

#
G
0&

OD%$
@
 ﬀ 
H

0



$ﬃﬂ
*
L
H



#2


G

H
%ﬀ

G
ﬂ(0&
G
 D)ﬀ
H

G

0262

Dﬃﬂ8"

C
*

@IG

ﬂ8"

%$
@
9ﬀ 
@
ﬂ)( D
G


H

@

H

#
G
H
ﬃﬂ

@
%
H
)ﬀ(ﬀ

ﬀ%6
P 
H
ﬃﬂ

@
1ﬀ
IG.

ﬃﬂﬃﬂ

@


.ﬀ
@
D#
H
#
IG
4
J
,
ﬂ
@
DJ2 D

D
G
%ﬀ


IG @
D#
G
0ﬂ


G

DF
D
G
ﬂ(0&

%ﬀ)0&

`ﬀ`#
G
0&
@

G
D


# %
@,<
ﬃﬂ(ﬀ(ﬂ#
G
ﬀ
,
D)"

ﬂ8ﬀ(ﬂ 
G


ﬂ80


ﬀﬂ


G


e/(
G
#
@
% D/D

)0&

'&`q(ﬁ#


	G
ﬀ%"

)ﬀ Xﬀ%
	G

G
ﬂTDOD%
@
*





.0ﬂ
D
H



%M#
G
/(


@

G
D
P
D
G


H
%4
J
0 D
*

@

@
M0&%
IG

@

H
'#
G
0&
%#
@
D
H
G
ﬂ#
@


:
IH
<
4
ﬁF
;F

,

a
ﬀ(ﬂ8"

/
D
%ﬀ 2

G
ﬂ
*
02%
@

H
8

%$
@
/%ﬂ(ﬀ8ﬀG
D
%$H

,

D
ﬂ#

(


IG
ﬀ% %ﬀ 2

G
ﬂ
*
0&%
@


K
4
F
%# ﬀ
P
G

H
ﬃﬂ

@
ﬀ
,
D


G
23ﬂ
@
ﬁ@


GCG

7

G
&
H
)ﬀ(ﬀ
@
D


FD
@


ﬀ
H
8


@

G

H

#
G H
ﬃﬂ

$


G
%0 D
G
D/
dP 
H
ﬃﬂ

@
ﬀ
,
D


G
23ﬂ
@
ﬁ#9
@

$

e4 \ﬀ(ﬀ


G
0&
@
 #

ﬂ
G
H

0

#
@

@

D
 (;
h
ﬀ
G

@
ﬂ$ﬃﬂ

@,<



G




@

*

G

@
 H
8

%$Aﬂ

/(
G
#)0&

Xﬀ



Gﬃ

ﬃﬂﬃﬂ



G
ﬃﬂ)ﬀ(ﬀ
@,<




G
 ﬁ@
@



H

H
8

%4,ﬁﬀ-

0&%
	G
D% 
IG6@
% D/D

)0&


G
D)ﬀMﬂ(0

ﬀTD%
@
ﬂ
L
ﬁ@
@


L
&
L @




IG @
ﬂ(0Xﬂ



G
ﬀ%6
G%G

IG
M#$ﬃﬂﬃﬂ("

%6 &q ﬁ@


IG
8
G

H

*
D
G


.)/(
H
ﬀ0&%
	G

@
#
G
02
@

G
D


#%4
J
% a2
	G
%

4 34

Ic0


G


 ﬀ%
P

H
#
IG

H

G%G

H
ﬃﬂ
P
4ﬀ%-
GQG

IG
- #FD)02$ﬃﬂ8"

%/(

H
ﬂRD%4

P 
H
ﬃﬂ

@
 ﬀ
,
D


G
23ﬂ:0&%
IG
D
@
ﬁ#


IG@

DﬂG
D23ﬂ


@ H
%ﬀ

G
ﬂ(0d&
G
%4<=%+
G%G

IG
+ OD)0C$ﬃﬂ("

%






H

0




#Xﬂ80


G


#
@
ﬀ
,

G%G

IG
 ﬁ#FD)02$ﬃﬂ("

2

%ﬀ


IG@


0
G


% 

%ﬀ ﬁ#%
702(#
@
"


G



K

G

D
)0

ﬀ
B
4
J
% ﬁ@
@
')/(
IG
:ﬀ

IGQ@
%"7V

 H
B6

@
%
G

	G
ﬂRDFD%
@
ﬂ( D
G


#%
@
% ﬁ#
@
-/(
IG
 ﬀRD2&
G
%
h
ﬀ
P
G
6230&

$ﬃﬂ

$

ﬀ


@IG
%$;

2%2&
G
ﬀ
,<
ﬃﬂ8ﬀ(ﬂ$ﬃﬂ

@

H

G%G

H
ﬃﬂ

.

D
H
ﬂ7"

%$5
H


)ﬀ(ﬀ)02

.

H

	G

@,
D
	@
%4
J
%\ﬀ




G

/(




@
%
@
D%ﬃﬂ

OD2
G
$ﬃﬂ

#)0ﬂ8ﬀ



ﬂ("

%
@
%\"


G

tﬀ

IGQ@



IG%G
%ﬂ


8
G

	G
ﬂ+

H

0

#
@


tﬀ%
	G

	G
ﬂRDFD%
@
ﬁ#
G

H

#
G
ﬂ4 E

	G
ﬀ
,
ﬂ

#

)

ﬀtﬀ%\0



@


\ﬀ%
ﬁ#'


	G
ﬂ9

H

0

#%4
J
,
D


G
23ﬂ&)0


G
FD


G
ﬀ




G
ﬂ

0


ﬂ("

4%#'%#ﬃﬂ(0 D&
cPS
H
ﬃﬂ

@
%
G

	G
ﬂRDFD%
@
0




ﬂﬀM ﬁ


FD&
H
)ﬀ(ﬀ
@

ﬁ@4
J

G

H

#
G
H
ﬃﬂ

@
% D)ﬀ
H

G


@


Nﬀ% ﬁ#
%#


ﬂ 7ﬀ')/(
H
ﬀ%


/()ﬀ(ﬀ%./(
G
ﬃﬂ


@
H

@

@

G

H

#
G
H
ﬃﬂ

@
Q- 4
  
4 34

I
D 
!
ﬂ:%
	
!
		 :  


 
%
!




 

ﬀﬁ	

ﬁ1
!
ﬂ&
 
8 



ﬃ 
!
6	   
 



!



%
	 #" 

%ﬁ$ "  

$

&

 
%1ﬁ
&
ﬁ
I
 G P@?
S
G
S
EC
S
U T7> P@?HA
S
C
S
E 
S
?E
J
%ﬁ#
G

H

#
G
ﬂM&


G
ﬃﬂ
G/@
%
H
)ﬀ(ﬀ

ﬀ%
H
%ﬀ

G
ﬂ(0 D
G
ﬂ("

%
@

ﬂ /(

M$ﬃﬂﬀ
P
%ﬂ
G
#ﬀ%
H G
ﬂ&
G
%
@
M"

%ﬀ(ﬂFD


G


7
IG
ﬀ% / 
G
ﬂﬀ67ﬀ%

ﬂ(/ 

#%
h
;RA
	
%
@
ﬂ)( D
G


#
@




IG
ﬀ% ﬁ@
*

@IG

ﬂ("

%$ 7ﬂ

"
,
ﬂ(ﬀ


ﬂ#


@
D


#
G
ﬀ 02 ﬁ#
IG



G
ﬃﬂ
@
ﬀ
IG
D


G
23ﬂ
@


 ﬀ
H
%ﬀ

G
ﬂ(0&
G
 D)ﬀ
H

G

0C62

Dﬃﬂ("

%4
;
C
ﬂ 	
%#'ﬀ 
P
G

H
ﬃﬂ

@,
D


G
23ﬂ
@
D


FD
@


-ﬀ
H
%ﬀ

G
ﬂ(0d&
G

*

@IG

ﬂ8"

 &N2
G



ﬀ
G
ﬂODR2
G

ﬃﬂ&
G
%4
J

G
ﬂ1ﬂ(0


G



@



H
##


G
ﬃﬂ
@
 @
D#
H
#
IGO	G

/

"

Xﬀ
H G
D%$ﬃﬂ

@
 ﬁ#4
J
% ﬁ#


	G
ﬀ%ﬃ"

)ﬀ
C
ﬂ 	
%
	G

H*

@




 & 

ﬀ/(
G
4
;ﬃﬂ
%#ﬀ
G

a

G

@
% D


G
23ﬂ%
@
%
@

D H
)ﬀ(ﬀ

ﬀ%
H
%ﬀ

G
ﬂ(0 D
G
ﬂ("

%Qﬀ%

ﬀ

AD


G
2 Dﬃﬂ8"

%)4
=

ﬁ#
P 
G
0 D&


G
ﬃﬂ
G @,<


H
)ﬀ8ﬀ

ﬀ
H*

	@

@


G



12
G


@
1/ %ﬀ
IG @

ﬂ	
4
; 

%#ﬀ

0
G

@
-

	G

H
%ﬀ

G
ﬂ(0 D
G
ﬂ("

%
H

#





ﬀ


@

H
f

@
ﬀ
,
D


G
23ﬂ
@
ﬁ#4
ﬁﬀ
/ 





	G @
% ﬁ#
P 
G
0 D% &


G
ﬃﬂ
G @,<

.

	G H
%ﬀ

G
ﬂ(0 D
G
ﬂ("

1
G


#%4
;
Jr
=
P


G
02
@-,
ﬂ
@


ﬃﬂ 
G
ﬀ% ﬁ#
H G
D D%


GC@

G
ﬂ
@


ﬀdﬀ
H

IG

@
%
H
)ﬀ(ﬀ

ﬀ%
@ H

L
ﬀ

G
ﬂ(0d&
G
%4 =M%
P

D
ﬁ#3

3

ﬀ/D%3

H

0


G


Kﬀ%ﬂ
P 
G
02$ﬃﬂ


G

H

#
G
ﬂ#%3/(
H


@
ﬂ


ﬃﬂﬃﬂ
P
@
ﬀ
H

IG
Kﬂ

@
D



@


4
J
] ﬁ#&)0&
@
ﬀ
H

IG

@

ﬂ /(%

J\


G
0&
H
##
H

0


G
%ﬂ

$7ﬂ

"
-,
ﬂ(ﬀ


	G




(

H

0

#Qﬀ
,
ﬂ
P 
G
02$ﬃﬂ

@


Nﬀ
H
%ﬀ

G
ﬂ(0d&
G

*

@IG

L

ﬂ("

d&2
G



ﬀ 
G
ﬂOD2
G

ﬃﬂ&
G
%4
Jr
=
aP
%#
@
D

ﬂ


G
ﬀ
G

a

G

@
% D


G
23ﬂ%
G

H

#
G"
ﬂ#%
:0&%
IG
D%D


ﬂ /(%

Jr
$7%
	G

H*

@




IG
ﬀ%N

 ﬁ#
h
J\
=
P
9

@
(
{
u
?
}
?
}& x|}
)
&5}

}
)
@Rvﬃ}&
ﬁﬀ ﬂ

~


}
u
~
?
7



=ﬃ
 'B
;
J
,
ﬂ(0

ﬀﬃﬂ


G


e/(
G
ﬀ

#
	@

LG


ﬂ
@
ﬂFD
@
% ﬁ@ 7
4! 


K


 


B




ﬃﬂ(ﬀ(ﬂﬀOD%
H

0X0&
H
G
ﬂ5&
G

@
`"

%ﬀ8ﬂOD

ﬂﬃ"

Dﬀ%
H

G%G

H
ﬃﬂ


@,
D
H*
)ﬀ(ﬀ
@,
D


G
23ﬂ

 

/ %ﬀ 67ﬀ% "




IG
#"
}A@
~

2* H
J
2
H
G:

"
}A@
:!$ I<
*
4
;&%
D


G
$ﬃﬂ

@
%

 ﬁ# D)ﬀ
H

G

0262

Dﬃﬂ("

%
h
ﬀ% D)ﬀ
H

G

4

*




@,
D


G
23ﬂ3
G


ﬃ/(
G
#


D
G
ﬂ
	G
1& 
H
J 

)

ﬂ
G

H

#
G
ﬂ
H

00& ﬁ#
@


ﬀ
H
%ﬀ

G
ﬂ(0&
G
%4
J
% ﬁ@
	G

H+*
%
7
*
B
$ f
*CB
@,<

 ﬁ# D)ﬀ
H

G

0C62

Dﬃﬂ("

O$ﬃﬂﬀ
P
%ﬂﬀ


D
H
G
ﬂ5&
G
%
@-,
ﬂ
@


ﬃﬂ
H
$ﬃﬂ

/(
H

}
7('
~

2*MH
J  :

}
7('
:!$ I<
*2
-



ﬀ


H

ﬃﬂ
@
D
G
D%
H

002 ﬁ@)4
%


ﬀXﬀ% ﬁ#
G

H

#
G
ﬂ


G3

%ﬀ 2

G
ﬂ
*
0&
@

H
8


@



G
%0d&
G
  9 f
*
 /D
G
ﬂ



ﬀ%
H
G
ﬂ&
G
%
@
`"

%ﬀ(ﬂFDa

ﬂ /$

1#
G



ﬃﬂ(ﬀ(ﬂFD%
@


 ﬀ
,


%ﬀ ﬁ#
h
#"
}A@
~

2*H
J
2
H
$G:

 


:)$ I<
*
$
fyf
*
$ 
M 
$f
H *
$3=ﬃ
 
$ f 3$*ﬃ


X
$

f$





$
J\
=
P

f 3 7
@


Qﬀ = =


$=
B
$


J\
=
P

f I 7
@


 ﬀ
,
 =.
B
$

(

H
ﬂRD%O&
@
%

 ﬁ@ D)ﬀ
H

G

0262

Dﬃﬂ("

%4
'N	KJ  O8T"[]Q UIZ]TVU

"[ ]O
+
O$[]O 
.'
O U
Y
[]Q "O IQ O-,
Y
[
0
Z
Y
[\U O
J
,
ﬂ(0


ﬀﬃﬂ


G


e/(
G
#
@
H



G

@
.02(
@
%


G


Bﬂ

ﬂﬃﬂ
D
%#Q
G
&%
P
%ﬂ(7ﬀM&9- $
@
ﬀ
,

GQ@IG

@
N"

)ﬀ("

%
H
J 4
J

	G
D%#

H

@,<




G
ﬃﬂ
H

ﬀ.ﬂ

#
G
623ﬂ

+
G
&%



)/(
H
ﬀ
@
D#
H
#
	G
7




G
ﬂ

$


G
ﬃﬂ
H

ﬀ%)


GeL
 0 D
G
ﬂ("

%
B



6%ﬀ

G
ﬁ8
G

@
D#
H
FD


G6

@
D%FD)"

ﬂ(ﬀ(ﬂ 
G

@,
D


G
23ﬂ
@


rﬀ

ﬀ


G


e/(
G
#%$


G
H

#
G
/$$ﬃﬂ

@
 ﬀ
,
D


G
23ﬂ
L
ﬂ(0


ﬀﬃﬂ

4
J
,
D


G
23ﬂ7
G


e/(
G
# 02

"



#N
G
# .
l
A0/



K
%#
H
%ﬀ
H

ﬀRD`&


G
ﬃﬂ
GC@
%
H
)ﬀ(ﬀ

ﬀ%


G"


#%
@
%
H
%ﬀ

G
ﬂ(0d&
G
% 
M

X
ﬃ$,
@
%
H
)ﬀ(ﬀ

ﬀ%
@
H
%ﬀ

G
ﬂ(0&
G
 =ﬃ (

H
ﬂRD%&


12(
G
5
*

@IG

ﬂ("


h
.
l
A
/
 


K
9 1
&
	232

2 

%54

&
76

.
ASK
ﬁ 
\ﬀ(ﬀ-%#'



ﬂ#
H

GQG
ﬂ 2 D
@
%D (;
@
Oﬀ
H
%ﬀ(ﬂ 
G
$ﬃﬂ

@
%

 ﬁ#
G

H

#
G"
ﬂ7 D)ﬀ
H

G

$
 *



$
ﬁ#
B
$
@
1ﬀ
	G
D%#

H

@
90


Nﬂ

ﬀTD%%ﬂ

ﬃﬂ"


@
1ﬀ
,
D


G
23ﬂ1"
,
ﬂ8ﬀ




GQ@

@


.ﬀ
H
%ﬀ

G
ﬂ80&
G
%4
J
% 0




L
ﬂ

ﬀRD%


@
D ﬁ & DOD0(

H
ﬂRD%&
@
% ﬁ@
h
ﬂ(ﬀ

 



(
H

0

OD%
@

 D
P 
ﬂ
@


 ﬀ
H
%ﬀ
H 
ﬀ
@
Qﬀ
,
D


G
23ﬂ 
G


e/(
G
02

"



#%4
'N	   O8T"[]Q UIZ]TVU

"[ ]O$Q ,Z"[@Q
J
%-0


,


G

H

#
G
ﬂ 2
G
8
H
A
D
ﬂ
P 
G
02$ﬃﬂ


G

/(




@

@

D
 #&)0&%Bﬂ

@
D



@



h
ﬀ%
H*
%0
G
%_& 0


dﬀ%
@
D#
H
#
	G

@
O
G

H
%4
%


ﬀ ﬀ% 0



@

@-,
ﬂ(0


ﬀ ﬃﬂ


G


ﬃ/(
G
#

~

3
H
J
2 H

@


#
	@

LG


ﬂ
@
ﬂFD :


:!$ I



/(

M
G
)/(
G
#
G
ﬀ
H
%ﬀ

G
ﬂ(0d&
G
%$aﬀ
,
%ﬂ(02

M

G
  
@
%ﬀ
 8
G

@
D#
H
FD%


G
ﬀ%  #&)0&%K&0


4 =

0


%#4



@-,
6

GT@
ﬂ
@


ﬃﬂ D


G4

H

G
%ﬂ


0
G

@,
ﬂ(0


H

@


#ﬀ%9
H
ﬂ

ﬃﬂ(ﬀ8ﬀ$#
IG

@


:ﬀ%7

5% &
@
D
G
ﬂ /(%4
J,
G
ﬃ"
,
ﬂ(ﬀ 7


H

0

$ﬃﬂ(7ﬀ%
/(
H 

3
G
 ﬁ#
H


ﬂ
G

@
K0


$



	G
)0Xﬂ&
G
%#ﬃﬂ(02$ﬃﬂ

@
Kﬀ
,
ﬂ(0


ﬀﬃﬂ

@ H


@
ﬂ
@
$0


%#
 (5
H


D%4 ﬁﬀ



.%ﬀ

G
 8
G
2(

H
ﬂTD&


0
G

H
%$
H
"

ﬂ


G
02
@-,
%0 D)ﬀ(ﬂ

G

G
ﬀ
G
D%

ﬀ

ﬃﬂ



ﬂ(0
L


ﬀﬃﬂ

4
J
,
(

H
ﬂ$ﬃﬂ

%#
P
%ﬂ#D&ﬀ
,
ﬂ

OD
G
ﬂ
IG @,<

H
8


@,


/(
G

IG


Qﬀ C
G

H
ﬀ 

ﬀ


G

H+*

%#.2
GQ@
D


	G
ﬀ%
	G

	G
ﬂRDFD%
H
ﬂ

D)02$ﬃﬂ("

%
@
0


4
J
,
D


G
23ﬂ
@
D


FD
@


Nﬀ
H
%ﬀ

G
ﬂ(0d&
G



G


0


G

H

#
G
ﬂM%LD2%ﬀ)0&



ﬃﬂ8ﬀ(ﬂFD


IG
H

G%G
ﬂ(2(
G


D


G
23ﬂ%4
 
G P@?
S
G
S
EC
S
U T7> P@?HA
S
C
S
EY U'U;N'E
J
%N/ 
G
ﬂ67ﬀ%

ﬂ / 

#%7



ﬃﬂ8ﬀ(ﬂFD%
H

00&
H
G
ﬂ5&
G

@
Q"

%ﬀ8ﬂOD
@
0

_h
;

0
G

@,
ﬂ(0


H

@


 ﬀ%
H*
%0
G
%&X0





IG

,
 (
G


H*
ﬂ
G @
%

H


$ﬃﬂ


@
1
G
ﬂ4
;
*

&
(
x|x|z
u
z
()
%


:02%
IG

@
:ﬀ
H
  
H
ﬂ
@


H
7#)0


G
)ﬀ(ﬀ


G
#ﬀ
H

ﬀ(ﬀ(ﬂﬃﬂ

\ﬀ%\ﬂ(0


H

@



ﬀ%A
H
ﬂ

ﬃﬂ(ﬀ8ﬀ$#
IG
M&0



@
%
H


H*
%


g
=94 =)ﬀ


G
0&
@

G
 ﬁ@#
G
ﬀ%0



@,

G
ﬂ 23ﬂ


H

ﬃ0ﬂ("

%$


ﬂ
PS
G
0 D)02


@
ﬂﬀ#
G
ﬂ 

D%M

#)0

4
;

o
@ {v & }
2

@
ﬀ


G
#-
IG
ﬀ "

%ﬀ8ﬂOD
@
Qﬀ/
G

H
0(

H
ﬂTD4

0


4
;
*
8
7E JGF
@
H


B
%#ﬀ
@
ﬂ#

H
C


G
dﬀ/(
G
#
D 	G
ﬂ802%ﬂ
G
2ﬀa
G

H
(

H
ﬂRD]

0

 h
ﬂ(ﬀ


G
0&
@

G
 ﬁ##
G
ﬀ%N0





	G

/(





(
@
Qﬀ
,
ﬂ

#
G

H
ﬃﬂ

@IG
%4
; @
H


2
<
?
&wv
H

G

H
OD
G
ﬂ#Dﬀ
@
ﬂ

H

@
dﬀY
G

H



G(G

a

G
/

/(
G
#
DJG
ﬂ(02%ﬂ
G
%$ 

#




H

0

#
@
%Xﬂ

H

G
ﬃﬂ
	@
%
IG
ﬀ^
G
 ﬁ#
H


ﬂ
G

@
cﬀ^
G

H
O3
IG
ﬀ 


ﬃﬂﬃﬂ

@
/(
G
#
D 	G
ﬂ
L
02%ﬂ
G
%4-=M
H
G
ﬂ5&
G



G
0&
@

G
 ﬁ##
G
ﬀ%N0


Nﬂ


@

@
D%ﬃﬂ

OD2
G
$ﬃﬂ

.#)0ﬂ
L
ﬀ



ﬂ("

%6
	G

/(




@
1/(
G
#
D
#
H

@
%ﬂ
G
%4
;
ﬃD%ﬀ

7f

f 3
B
2 
~
"



ﬃﬂ  #ﬀ
,
ﬂﬀ

ﬀ$ﬃﬂ

D


G
2#Dﬃﬂ("


@
0


4>ﬁﬀ;%#
@
D

ﬂ
H

00&1ﬀ
G

a

G

@
Dﬀ
,
D


G
23ﬂ
@
D


OD
@


Xﬀ
H
%ﬀ

G
ﬂ(0d&
G

@





H
8


H
G

D
7
@

G
 

ﬂ

OD
G
ﬂ
IG
f4


@

G
 


D
FD
G
ﬂ
	G
f4 3C



IG @
Qﬀ0
G

H

@
0

1B
$/(
H
ﬀ
,
ﬂ(0


ﬀﬃﬂ


G


e/(
G
#
@
0


4
=M##"



ﬃﬂOD6%
	G

H+*

@
f


IG#@
%'0


Bﬂ

ﬀRD%4I=

00&
	G
D
H
D
@
)002

$
H
##./ 
G
ﬂ67ﬀ


G
0&
@

G
 ﬁ##
G
ﬀ%N0C

/ %ﬂﬀ#%
G

H


G
H
ﬃﬂ


@
Q0


:ﬀ%:0




L
ﬂ

ﬀTD%4
;

G

=

 7f
*CB
2 

~
"



ﬃﬂ
9ﬀ
,
ﬂﬀ

ﬀ$ﬃﬂ

@
0




G G

7

G
M
D



G
%
G

H
%4pﬀ5%
@
D

ﬂ
H

00&\ﬀ
G

a

G
,


G
ﬀ7

002
@
%Bﬂ(0


ﬀﬃﬂ


G


ﬃ/(
G
#%
@
% 
G

H
%
@





H
8


B
9Mf4
*




IG @
1ﬀ4
G

H

@
0


Nﬀ
,
ﬂ80


ﬀﬂ


G


ﬃ/(
G
#
@
0


G

H

#
G
ﬂ4 =M##Q"



ﬃﬂOD
%#
	G

H+*

@
cf


IG3@
%0


ﬂﬀ

ﬀTD%4 =M##c/$
G
ﬂ67ﬀ


G
0&
@

G
 ﬁ@#
G
ﬀ% 02

/$%ﬂ#%
G

H

#
G
H
ﬃﬂ


@
0


9ﬀ%N0




L
ﬂ

ﬀRD%4
;
=


G
0C$ﬃﬂ

 
D

ﬂ(/(%
D
Jr

J
I
h 


@,
D/Fﬂ#
G
ﬀ%
	G

7ﬀ&)02%
@


ﬀ
,

H
"

ﬂﬃﬂﬃﬂ

@
%
@

D%$ﬀM0


G

H


G
ﬂ
@

ﬂM)/

ﬂ
G
#
G
/Fﬂ
K@
D
H
ﬀ

H*
)02


@


\ﬀ%

ﬂ /(%
 D
Jr

J
IF4
ﬁ
3
J,
(

H
ﬂ$ﬃﬂ

%#
P
%ﬂ#


G

H





IG
ﬀ

ﬂ /(%

Jr

@





H
8


*
B
$ f
H


IG
ﬀ

ﬂ /(%

J
IF4
ﬁﬀ
D
ﬂ#

ﬀ

ﬃﬂ
	G


ﬂ(/(%
D @
1"

%ﬀ(ﬂFD 
IG
ﬀ%N0


4pﬀ 




IG



@,
%0 D)ﬀ(ﬂ

G

G
ﬀ
@
ﬂﬀ
H G
ﬂ(0ﬂ
L

$ﬃﬂ

)/(
H @
%t0



@,

G
ﬂ(23ﬂ


H

ﬃ0ﬂ("


@
% ﬁ@
*

@IG

ﬂ8"

%
	G
ﬂ

H
ﬂ

%ﬀ)0&

4=M%)

#)07ﬀ%
@

H G
ﬂ5&
G
%9



ﬃﬂ8ﬀ(ﬂFD%


IG
ﬀ
,


%ﬀ #
@
D
H G
ﬂ# 
 H+*


ﬂ
G

*
4
=

0


%#9ﬂ
@


ﬃﬂ D


G
ﬀ%
H G
ﬂ5&
G
%
@
"

%ﬀ8ﬂOD 

ﬂ /$


h


0

ﬂ



ﬂ(0


H

@


:ﬀ%7

5% &
@
D
G
ﬂ(/(Aﬀ% 
H
ﬂ

ﬃﬂ8ﬀ(ﬀ$#
IG

@

H+*
%"


H

 H*



g
=9$

~

3
H
J
2 H
$-:


: $ IF$ 

o
@ {v & }
2

@
ﬀ $ 34
J
% 0


 

 "

%ﬀ(ﬂ D%
@
 ;
		 

=

,
ﬂ(ﬀ 
G
)0

ﬀ8ﬂ#

 

ﬃﬂ ﬀ%
H

@
ﬂﬃﬂ

 

ﬂ /$

#%
h
*

& ( x|x|z
u
z ()
$

f

)$
*
8
7E]JGF
@ H


B
$

H
0d$
@ H


$

<
?
&v
1
,
ﬂ8ﬀ9%#
H


G
0 D 
D

ﬂ /(%
 D
J\

J
IF4
J

H G
ﬂ5&
G
3;
 


=


G
0&
@,
ﬂ
@


ﬃﬂ  
G"@
%-0


 
a
ﬀRD)02

%ﬂ
G
%
@


-ﬀ
,
D/D

)0&

4C=%'0



/D
G
ﬂ 





H

@
ﬂﬃﬂ

@,
ﬂ

ﬀ $ﬃﬂ

G
)ﬀ'8
H*
D
h
ﬃD%ﬀ

7f

f 3
B
$ f

I
?

~ 

G

=

 7f
*CB
$ f

I
?

~ 4
J
%10


.;		 

=


Q"

%ﬀ(ﬂ D%
@
 ;



=

,
ﬂ(ﬀ
G
%


H
#

Qﬀ%
H

@
ﬂﬃﬂ


@-,
ﬂ

ﬀ$ﬃﬂ



ﬂ / 

#%
h
ﬃ.%ﬀ

7f

f 3
B
$ fyf
7 ?
 
~ 

G

=

 7f
*CB
$ fyf 
?
 
~ 4

 ﬁ $T- !QSﬃ9$%0 &(ﬁ &(ﬀ( *)ﬁ
J

H
G
D%$ﬃﬂ

@

@


D%0ﬂ(0

ﬀTD%4#
@
D
G


ﬀC


G

ﬂ4#)0

4
J

	G
)0ﬂ
G
%#Oﬀ
H
G
D%$ﬃﬂ

@
%
"


@IG
ﬂ
L
/(
H
#
IG

@
%
*

@IG

& 2
G


@

@IG
D
@
O/Fﬂ4


G
ﬃﬂ
H

ﬀ%.#67ﬀ%



/$

1ﬂ

#
G
623ﬂ
G
/(
H
ﬀ
@
D#
H
#
	G
4%\ﬀ(ﬀ
H

0


G
#ﬀ%KD

%D

ﬂ /$

#%
h
;
J
%,D/D

)0&

O


@,
6

GQ@=	G

@
ﬂ1


ﬂ /(%
 

G


ﬂ("

 &ﬀ
,
%ﬂ
@

@
_2 D

D
G
$#
IG
&
D)ﬀRD)02


@
O0C$
G
ﬂ
H
D&

GQ@IG
 
D
 7 ;	

ﬁ=


IG
;	

















 
=>B
#)ﬀM"




5 :

<
4r.%
H


IG
%


G


ﬂ("

%2

C


/(



ﬃﬂ(ﬀ(ﬂﬀOD%


	G
D/Fﬂ#
G
H

G
%ﬂ

%
@
ﬂ
L
/(
G
2(

H
%
@


dﬀ%3#
H
ﬃﬂ

"!
H

H
%
@
ﬂ)( D
G


ﬃﬂ)ﬀ(ﬀ%1


IGLG
%


H
#
G
ﬀ%
H


G
%ﬂ

#%Kﬂ

L
PS
G
0C$ﬃﬂ("

%4$=M%2 D

D
G
$#
IG


ﬃﬂ(ﬀ(ﬂ#

ﬀ%
PS
H
ﬃﬂ


@

@


ﬂOD%


G


ﬂ("

%
@



Xﬀ
	G


67ﬂ8ﬀ(ﬂOD
@
1
G


/(
G2



G


@,
ﬂ80


ﬀﬂ

@

D%4	ﬁﬀ
P 
IG

ﬂ#

ﬀ% "


@IG
ﬂ
L
/(
H
#
	G

@
%


G


 


D
:ﬀ&#
H
ﬃﬂ

"!
H

H

@	G

H
%

7

"

%#ﬃﬂ

4
;ﬁﬀ
ﬀ
,
D$ 

%ﬀ
H

G%G
%


@



 	G

H
%


@IG

,
 ﬁ


#

 ﬀ%
G

@
ﬂﬀ$ﬃﬂ


@
9"


G

623ﬀ



@


 ﬀ% D$Mﬂ

ﬂﬃﬂ%ﬀ;ﬁ

%ﬀ4
%


 ﬀ
,
 (5
@
ﬀ  =. $
H
%


G


9
,
*

@IG

ﬂ

.#
P
G
62
L
0&

#

4
 


H
%
	G

H
%



:0

@
D)ﬀ(ﬂﬀOD%


Gﬃﬂ 
"!
$#
:
H
<

&%
5('

:

f
<
4
;
J
%
G
%#%
@
%
G



7D

ﬃﬂ
L G



7 

'#
G
/ﬂr&ﬀ
H

ﬀ(ﬀ8ﬂﬃﬂ

#
P
G
6230&

#

99
,
*

@IG

L

ﬂ#

$
@




@
%ﬁ@
@



G
ﬃﬂ
H

ﬀ%:&2
G


@


#
	@

LG


ﬂ
@
ﬂFD%4 =M%
	G

H
%

A

Mﬃﬂ(0

ﬀRD%


G)ﬂ
*!
$#
4
;
J
%


G
%0d&
G
%
@

PS
H
ﬃﬂ

)0&


@

,+)$
G

@
 B9

@
	G
D/

ﬂ

1

0

(

_IF4

ﬂ

#
G

H
ﬃﬂ




G
H
G

ﬂ#)0&


@


%"

$
@
ﬂ
G
ﬂ 

D%	#)ﬀ



 ﬀ

ﬂ
@
 E

ﬂﬀ

4


ﬀ


@
:ﬀ
,
ﬂ

L
#
G

H
ﬃﬂ

@IG
%$

0

(



4

ﬂ

#
G

H
ﬃﬂ

  =.
@

(M0

0&

.
G


e/(
G

@

ﬂ(/(

8
G

ﬃﬂ(0

ﬀTD%4
J
12 D

D
G
$#
IG-
ﬃﬂ(ﬀ(ﬂﬀOD.%
ﬂ
*!
$#
9ﬀ%


G
%0d&
G
%
@

H
%:ﬂ

#
G

H
ﬃﬂ

:0

ﬀﬃﬂ

ﬀ%


M ﬁ

#OD%
IG
ﬀ%
@

D%
@
 =.
X
4F'

ﬀ%


/()ﬀ(ﬀ%\/(
G
ﬃﬂ


@
%
@

D%Mﬃﬂ(0

ﬀRD%$
H
%
D/D

)0&

'
@	@
ﬂﬃﬂ


)ﬀ
	G

/Fﬂ





@
ﬂ
G

H
#)0&


@
%
@


D%4
ﬁ *
=% D/D

)0&

)$



P 
ﬂD

2(

@IG
D%$5


	G

H
%FD%


G
ﬀ
G

2
G
%00&B132
 

#
 :
(
<
ﬂ

#
GeL
P

H
D)/(
H
5
#
  :
ﬀﬁ
<
"

ﬂ)ﬃﬂ80

ﬀOﬀ
,
ﬂ

#
G

H
ﬃﬂ

@
%


G
ﬃﬂ
H 
ﬀ% )/(
H
ﬀd02$ﬃﬂ&
G

@ @
D#
H
#
IG
$Q
ﬀ
	G
6D/(



)ﬀ(ﬀ%
@
D%ﬃﬂ

OD2
G
$ﬃﬂ

4
J
%
@
D

8


@-,
D


G
23ﬂ
@


rﬀ
@
D#
H
#
	G



@
ﬂ 23ﬂﬃﬂFD%


G
ﬀ
	G

L
2
G
%0X0& 132
	
:
(
<
4
ﬀ H
 #
@
%$ﬀ%BD/D

)0&

9ﬂ(0

ﬀTD%

Nﬀ0 8)02'
G H

IG
M"

9ﬀ%
@


D%
G
D)ﬀ(ﬀ%$ tﬀ#0 8)02
H*
 8 



@

G

H

#
G H
ﬃﬂ

%#

ﬃﬂ(ﬀ(ﬂFD%4
 

#
P 
ﬂ$%ﬂ(ﬀ
P




#
G
"

Nﬀ%
H

@
ﬂﬃﬂ


@

@
D
H
ﬀ

H*
)0&



 



(
a
ﬀ(ﬂ("

D%M
IG
ﬀ%3D/D

)02

.ﬃﬂ(0

ﬀRD%
G

H


G
ﬂ4 =M
H
ﬂH#
G

	G
ﬂ


H

0

#ﬀ

G

@
ﬀ
,


%ﬀ ﬁ#'9#
G

@
D
H G
ﬂ
@


Nﬀ2#
H
ﬃﬂ
 *
4 IF4

4




$ﬀ% 
H+*
ﬂ
G

MY
#
L
=
G
ﬀ



 
G



H G
ﬂ
@




cPS
G
02$'
DF
ﬀ

ﬂ67ﬀ


G
ﬀO2
G



@


G
/ %ﬂ8ﬀ 
IG
ﬀ"


G




41E\ﬀ

ﬃﬂ
IG

H

G%G

H
ﬃﬂ

D
IG
ﬀ% D/D

)0&

 ﬃﬂ(0

ﬀRD%7

'%ﬀ

G
D
a
ﬀ(ﬂ("

D%4
=M 


@
%
H

GQG

H
ﬃﬂ

7

@

GQ@

a	G


/D%


G
ﬀ
H

ﬀ(ﬀ6

G
$ﬃﬂ

- 4
J
%KD)ﬀ
H

G

)$aﬀ%N0


$
:ﬀ% ﬁ@D


H

G%G
ﬂ 2#D%
@



H
##
@

G

ﬂ&
G
 D

%4
J

H

0


G
%ﬂ

@
%
@
ﬂ#
G
ﬂ 

ﬃﬂ

Q

02(#9ﬂ

/$
G
ﬂ

##0
} }
@
%(D/D

)02


 

@
c0


G

@,<




G



@
D
H
%ﬀ62(


G
 ﬀ%


ﬃﬂﬃﬂ


@
%
@

Di
ﬂ
H
)$ 
@,



G



G
O"

 ﬀ
G
D%

ﬀ

ﬃﬂ



D


G
23ﬂ
@
% D)ﬀ
H

G

%02)ﬂ(ﬀ(ﬀ
IG

@


dﬀ  ﬃﬂ80

ﬀ $ﬃﬂ

"


@


dﬀ%
@

D%4ﬁ=M%3 (5]




ﬃﬂ
G
)02
G
"

D%
@


Mﬀ%AD/D

)0&


 
@ 
4
J
%D


G
23ﬂ%
@
%D)ﬀ
H

G

'
@
%M0


'


@
D2
G

@
D%
@


OﬀOﬃﬂ(0

ﬀ$ﬃﬂ

 

@

G

G


/(
G&


H?H

GQ@
)/(
H
ﬀ%
@

D%4
J

@
ﬂ(0ﬂ


ﬃﬂ

@

ﬀ
,
D


G
23ﬂ/Mﬀ 
@
D2
G

@
$ﬃﬂ

@
Oﬀ
G
D%

ﬀ

ﬃﬂ




P
%ﬂ 7ﬀ%=7"

)ﬀ("

%


IGeL
H



B

H
%
@
ﬂ)( D
G


H
%


$


IG
ﬀ 

ﬀ
a

G
$
H

0
	G
ﬂ#% 
G
D%

ﬀ

%
@


ﬀ%


/()ﬀ(ﬀ%B/(
G
ﬃﬂ


@

H

@

@

G

H

#
G
H
ﬃﬂ

4
J

G
D
P
D
G


H
 :


<
@


@
%
@
D%ﬂ(ﬀ 9
IG
H
##
	G

H
D
@IG
%4
E

IG
ﬀ8ﬂ(0ﬂ#
G
ﬀ
,
 (5
@
%1ﬂ

H

G
ﬃﬂ
	@
%' ﬁ#OD)02$ﬃﬂ("

%-
	G
ﬀ% ﬁ@ 7ﬂ
@


ﬃﬂ
H
$ﬃﬂ

$ﬀD%ﬀ

62(2
G
D%

ﬀ

ﬃﬂ



D


G
23ﬂ
B
$
H

G
%ﬂ

%9

%ﬀ %

ﬃﬂ(ﬀ(ﬂﬀ#





H

G%G

H
ﬃﬂ

G
)ﬀ$ﬃﬂ /(
@
% ﬁ#
@


:ﬀ2ﬃﬂ(0
L
ﬀ$ﬃﬂ

4=M%
H

G%G

H
ﬃﬂ

$5
a
)ﬀTD%
H

G%G

H
ﬃﬂ


% %B 

IG
 





a

6






	



$

DOD

ﬃﬂ8ﬀ(ﬂFD%


	G
ﬀ
,


%ﬀ 
@
D
H
G
ﬂ#
@



H
##
*
&%#&

&
DF

FD%
@


 : 3 f
<
4\ﬀ(ﬀ%
H

ﬃﬂ#

D&
@
D2
G

@

G


&/%0 D)ﬀ(ﬂ

G

G
ﬀ
G
D%

ﬀ

ﬃﬂ



D


G
23ﬂ
@
%ﬁ#Q&/
a
ﬀ(ﬂ("


GA
 P

H
#
IG
H

G%G

H
ﬃﬂ
P
@



ﬀ&ﬂ(0

ﬀ$ﬃﬂ

@
Q02

ﬂ&
G
 &
G

G


/(
G
ﬀ% 0 8)0&%
@
ﬂ
G
ﬂ 

ﬃﬂ

r"


@


:ﬀ%
@

D%
G
D)ﬀ(ﬀ%4
ﬁ 
  	
 
 
ﬀ ﬁ ﬂ

ﬃ! ﬀ ﬂ " ﬀ# ﬂ $%
 &
'
0ﬃ9&B!ﬂ#ﬃ9$Qﬀ
J
,


ﬁ#
@

H

H+*


ﬂ
G
+%'ﬀ
@
%
H G
ﬂ

ﬃﬂ

@
% %0 D)ﬀ(ﬂ

G
$ﬃﬂ

 
a

G
FD%&:ﬀN0 D
*

@

@

@
D#
H
ﬃﬂ

@
%(D)ﬀ
H

G


@


\ﬀ%ﬁ#
*

@IG

ﬂ8"

%

ﬃﬂ(ﬀ(ﬂﬀOD


G
ﬀ
H

ﬀ8ﬀ6

G
$ﬃﬂ

 O4 =M##10 D
*

@
%$
a
)ﬀRD
5e0 D
*

@

@
iﬀ
G


#)b$D%#K
(FD`
IG
ﬀ
,
(

H
ﬂ$ﬃﬂ

@
%
@
D

8

 D


G
2 Dﬃﬂ("

%02%
IG
D%
@


dﬀ
H
%ﬀ

G
ﬂ(0&
G
C
	G
ﬀ 5
H*
)0ﬂ

b
@
ﬀ
,
D)ﬀ
H

G

$
H

H*
)0Xﬂ

D


@
D#
G
0ﬂ

D


G
ﬀ
,

D

G



ﬀ$ﬃﬂ

@
ﬀ

G
 ﬁ#
H


ﬂ
G

@
ﬀ
,
D)ﬀ
H

G

02%
IG
D


G
ﬀ%
@
D#
H
#
IG

@
&
G

H
%4
J
,

 ﬁ@
@



G
 D
	@
C
H

ﬂ#OD


ﬀ
,
 ﬁ



@
%Mﬂ
P 
G
02$ﬃﬂ


@ @
D#
H
#
IG6@
2(
G
5%
@
ﬀ
,

D
D
G
ﬂ

H
O- 4=M
@
D#
H
#
IG
$7ﬂ

"



	G
ﬀ
H*
)0Xﬂ

@
ﬀ
,
D)ﬀ
H

G

$

,
D%ﬂﬁ

"
,
%ﬀ

G


(

ﬃﬂ8ﬀ(ﬂFD%4
J

	G
)0Xﬂ&
G



G
ﬃﬂ
@

H

H*


ﬂ
G

G
D%#

# ﬀ%Q0

ﬃﬂ(/ $ﬃﬂ


@

H
0%ﬀ 2

G
ﬂ
*
02%4
J
]#
H
ﬃﬂ

I
@
D
H
G
ﬂrﬀ
,
%ﬀ 2

G
ﬂ
*
0&
IG
ﬀ)"

)ﬀﬁ%r
(FD9ﬀ10 D
*

@

@
 ﬀ 
G


#

ﬃﬂ(ﬀ(ﬂFD
@


t- 4
J
%6#
H
ﬃﬂ



$ 3

*
	G
D%#

#

ﬀ% %0 D)ﬀ(ﬂ

G
$ﬃﬂ


@

H
	%ﬀ 2

G
ﬂ
*
02A


ﬃﬂ(ﬀ(ﬂ

-ﬀ
@
D#
H
#
IG@
r2(
G
5%$ H0


G



ﬀ%


G
PS
G
0C

H
%+%#ﬃﬂ(0 D%M
IG/@
%
@


D%Aﬃﬂ(0

ﬀRD%A\0&%
	G
D%A
IG/@
%
@


D%
G
D)ﬀ(ﬀ%)4 



$%ﬀ
@

G

ﬂ&
G



G
ﬃﬂ.0


G
 ﬀ
,

a
ﬀ(ﬂ
H
$ﬃﬂ

@

H
##:0 D
*

@
7%0 D)ﬀ(ﬂ

G
D
@


ﬀ
,
Dﬃﬂ("

62(
@
%%ﬁ@5%
D
4
P)( *  ﬃ$ + Sﬃ9$Qﬀﬂﬁ,+.-0/Cﬁ9$216!ﬂﬁ
J
% D)ﬀ
H

G

 0


 

$


G@
D

ﬂﬃﬂ

$
@
% D)ﬀ
H

G


@
 
( 0

0&

 
G


ﬃ/(
G
#
7

}
~43
2*65
,+
2
H
BNh
ﬂ(ﬀ 
@
D


#




ﬂ@,
D


G
23ﬂ
@


Rﬀ
H
%ﬀ

G
ﬂ(0&
G



G
H

OD)"



6


@
ﬂ87
H
ﬂ(ﬀ%
&
G

H

#
G
ﬂ
G



G0

%ﬀ(2

G
ﬂ
*
0&
@

H
8

i&Y

ﬂ(ﬀ$
H

0X0&
H
)ﬀ

ﬂ

ﬃﬂ(ﬀ8ﬂODc&D- 4
J
,


/Fﬂ
G

)0&






	GK@

H
% D)ﬀ
H

G

1%#3


/(


H

0

ﬀ
D

h
ﬀD
G"
ﬂ
@
H
%ﬀ

G
ﬂ(0d&
G


,
%#

(

D23ﬀ(ﬂ(2(%67ﬀ
 ﬂ(ﬀ



/(

4


Gﬃ

#
G
&


X2(
G
5
*

@IG

ﬂ("


@


ﬀ
H
(
@
%ﬁ@0#)0ﬂ(ﬀ



ﬂ("

%4,=

%ﬀ 2

G
ﬂ
*
0&M

D
H
ﬂ7"

DFD
@
D/()ﬀ

a
D


IG
P
%ﬂ
G

P

H
&
H
%
@
ﬂ97
H

ﬀOD%
h
ﬀ90 D
*

@

@
.ﬀ
G


# : 3
*
<
4
J
%3D)ﬀ
H

G


@
#
(N0

0&


G


e/(
G
#1/ﬂFD


G
H
7%ﬀ 2

G
ﬂ
*
0&%$


	G
D%


@



@


0
L

G

DA@

02%ﬂ

%
@


*
ﬁﬃﬂ("

%$
@
Oﬀ
,
D%ﬀ

62(
@
%
@
D#
H
#
IG
X&Xﬀ
,
%ﬂ
@

@

G
D%



H
%1ﬀRD2&
G
%$\&ﬀ

*
ﬁﬃﬂ("


@
%0 D%






G



H

#






"


G




H

@
D%ﬂ

FD2
G


A#)0Xﬂ
L
ﬀ



ﬂ8"

)02

4
=


@
%2
*
D)02$ﬃﬂ("

% 02 ﬁ#
IG
%
@
Dﬀ

*
ﬁﬃﬂ("


@
g



,+)$
G

H

ﬃﬂ##J& D
	@
ﬂ
G
ﬀ
,


L
H
ﬂ(ﬀ8ﬀ$ﬃﬂ

@
 ﬁ#5&)0&;:


 <
:

ﬀc/Fﬂ

ﬀ$ﬃﬂ

@
 =$E
@


ﬀ ﬁ#5&)0&
@
%
*

@	G

O5%
D
4
J
%
#)0


@
/Fﬂ&Qﬀ%
P
G
D)"



H
%
@,


H
ﬂ(ﬀ8ﬀ$ﬃﬂ

@
%10 D%

Q5%
D
!ﬂ%ﬂFD%


G
ﬀ%'#
H*

ﬂ8"

%
@

G

L
H


G
H
ﬃﬂ

@
X/(
G
#
D
#
H

@
%ﬂ
G
%$ 

O0&%
IG
D%0
IGP@
% D/D

)0&


g


>= ﬀ
@ ?
xBA
: 3

<


g

u


@
?
}


u
A
F

u

DC

F

 E6@FE

: 3I
<
4
J
,
D)ﬀ
H

G

ﬂ
 @
ﬁ#;G0#)0ﬂ(ﬀ



ﬂ("

%$



ﬁﬁ
D


G
2#Dﬃﬂ("

%$%M
G
&%
H

ﬀ(ﬂ

D%%ﬂ
G
 

ﬁ#4DQ0 8)02%$
H

G
%ﬂ




G
%0&
G
%
@
MY
@
&)ﬀ
%


@

GQ@
ﬀ(ﬂRD%&
ﬀ /Fﬂ

ﬀ $ﬃﬂ

@
 =$E
H

0X0&\ﬀ
,


23ﬀ
@
\0 D)ﬀ

2(ﬃﬂ

I 



/(

8
G
0&%
IG
D%.&9
G
)/(
G
Bﬀ
,
ﬂ
@


ﬃﬂ
H
$ﬃﬂ

@
%(D/D

)02


g

?

2
E

u
F

2


@
  : 3

<
4
 

#%
H
%02%
IG
%M#
PS



G
ﬀ
,
ﬂ

#
G
0 D
@
ﬂ%ﬂ
G

@
%
G

H

#
G H
ﬃﬂ


DF
ﬀ8ﬂ
H
ﬂ#%
@
%
@
ﬂ)( D
G


#%


G
ﬃﬂ
H 
ﬀ%
G
D%

ﬀ


@
9ﬀ 
P
G
6230&

$ﬃﬂ

@
 *

@IG

5%
 H

00&Oﬀ%

ﬂ

D9ﬀ%

2
4
J
 a2
	G
434

4

0


G
Oﬀ
G

H

#
G H
ﬃﬂ

@

@
ﬂ)( D
G


#%


G
ﬃﬂ
L
H 
ﬀ% &2
G
)/(
G
Mﬀ%
@
ﬂ#
G
ﬂ(

ﬃﬂ

M

02(# ﬂ

/$
G
ﬂ

#%4
ﬀ
ﬂ

ﬂ$ﬀ
G

H

#
G H
ﬃﬂ

@,
D)ﬀ
H

G


@

(
0

02

&
G


e/(
G
#


G
0&ﬀ
,
ﬂ
@


ﬃﬂ
H
$ﬃﬂ

@
ﬂ
G

H
#
@
% ﬁ@
@
K"


G

O'$+
@

]
H?H
&%_&
@
%
G
D%



H
%
@

(#Q02(#

ﬃﬂ(ﬀ%1&Xﬀ
,
ﬂ
@


ﬃﬂ
H
$ﬃﬂ

@
Q0 D%

 5%
D
4
 
34

4
$  %
!
	<ﬃ

 
 
  8#$ﬀ ﬃ
ﬁ 

  ﬂ-  

 

ﬁ 





 " 


	 
!
 ﬁ
&
  

	D

1
!
6 #ﬀ
ﬁ1





" 

 	 
!
 ﬁﬂ ﬃ ﬁ 	  ﬃ# "

	 ﬀﬁ

 ﬁﬂ

ﬀﬂﬁﬃ "!$#&%('*)&+-,/.10
&
J
,
D%ﬀ

62(

D


G
23ﬂ
@
H
%ﬀ

G
ﬂ80&
G
#
P
%ﬂ &


G
ﬃﬂ
G @,
D)ﬀ
H

G


G

/(




@



&
$
@


ﬀ 02(0%
H




@

P

Z
H



7C%0X0&


	G
D
H
ﬂﬀ#A:

<
4
J

G
D


#
@
H
%ﬀ

G
ﬂ(0d&
G
%$H

	G
)0ﬂ&
G


aG

D
ﬂ(02$ﬃﬂ

$ %#ﬀ(ﬂ

D%%ﬂ
G
%4 =M)ﬀOﬃﬂ 2

ﬂ
"
,<

#

ﬀ


ﬂ


@

H
%ﬀ(ﬂ 
G
$ﬃﬂ



G
02
@

H

 8 

G

ﬀ
,
D


G
23ﬂ
@
%BD)ﬀ
H

G


@
%

*



$&


G
ﬃﬂ
G @
%
@
D

8

 D)ﬀ
H

G

0262

Dﬃﬂ8"

%:0&%
IG
D%."

)ﬀ(ﬀ%
"

Y

ﬂ

Xﬀ
IG
 D


G
23ﬂ%4$=M



@


$



H
%ﬀ(ﬂ 
G
$ﬃﬂ

&

ﬀ


(#,D


G
23ﬂ


G
0&#
G
%ﬂ
@,<




G

@
 /D
G
ﬂ 
G

2  



ﬀﬀ(ﬂ

D%
G
ﬂOD
@
ﬀ
G
D


#
@
H
%ﬀ

G
ﬂ80&
G
&
@
"



ﬃﬂ

G
ﬀ%D/(



)ﬀ(ﬀ%
@
D/ﬂ$ﬃﬂ

)4
=

#
H

@D

ﬂ


@,
D%ﬀ

62(


G
0&#
G
%ﬂ
@,



G



G

@
0&%
IG

G
ﬀ
G
D%

ﬀ

ﬃﬂ


32
 


0@
H
%ﬀ

G
ﬂ(0d&
G
&


G
ﬃﬂ
G@
Nﬀ#ﬀ 
G
2(
IG

DF
D
G
ﬂ(0&

%ﬀ
@
%


G
ﬃﬂ
H

ﬀ%
G

H

#
G
ﬂ#%4%.%+

%ﬀ ﬁ#%
@


*
ﬃﬂ8"

%$
H

0X0& ﬀ 
H


G
%ﬂ

# ﬂ

@
ﬂ
G

H
#
@
ﬀ02(#
@




@
0ﬃ9ﬂ 2%2


G
ﬀX0&%
IG

@
 ﬀ
02(#
@
$4


'
G
&% #

ﬃﬂ 7ﬀ%O&ﬀﬀ8ﬂ

D%
G
ﬂFD
@
H
%ﬀ

G
ﬂ(0d&
G
%4
DF
D
G
ﬂ80&

%ﬀ)0&

$-ﬀ 
G
D%



H


2
%#




H


@
ﬂ
@
$


IG
ﬀ
H
%ﬀ(ﬂ(
G
$ﬃﬂ

@
H
%ﬀ

G
ﬂ(0&
G
&
(# D


G
23ﬂ
h


G

a

G

@,
)0
L

G


H*
)02

6

ﬀ



)%#M(#
8
2
G


@
7
g
B
7

2

ﬀ
@
ﬀ 
B
9
*

H65
f


A:

<
B
Mﬀ
G
2(
IG
%#M
G
&%
D
G

ﬂ# 7877

2
B
9
H-5 

,+B:

<
B
4

	G
$ﬃﬂ("

%$ﬂ(ﬀ;%#


ﬃﬂ 7ﬀ
@,

#

ﬂ
G

G

a

G

%-2
g:9<;
7
 B
$
H
 "

ﬂ


G
0&
@,
)/

ﬂ
G

H?H
&%X&


ﬃﬂ 2

%ﬀ-/Fﬂﬂ 7ﬀ'
@
0&%
IG

G @
ﬂ
G

H
#)02

9ﬀ
G
D%

ﬀ

ﬃﬂ

@
H
%ﬀ

L
G
ﬂ80&
G
%4
J

	G
D%

H

@
ﬀ




@


ﬀ% ﬁ#C%



H

G

H
FD
G
ﬂﬃﬂ("

*

D
H
ﬂ7"

a
D
ﬁ@ 5%
D

@





d0

ﬂ

@IG
 0&%
IG

D
ﬁ#
H+*

G
0 D%4 

ﬂ

H
ﬀ



/

ﬃﬂ.ﬀ%
@
D%ﬂ

FD2
G
$ﬃﬂ

2

H
(
H

@

=?> A@
#
$ 

/ﬂ
G

I6f

@
%
*

@IG

M5%
D
#
@
D%ﬃﬂ

5&2
G


4#)0ﬂ8ﬀ



ﬂ("

)0&

$


G
P
%0ﬂ(ﬀ(ﬀ
ﬁ

@Mﬀ



4
J
,
Dﬃﬂ("

62(
@
%ﬁ#


G
ﬀ
	G
D%#

H

@
10


M%#
@
D ﬁ &

ﬃﬂ(ﬀ(ﬂFD&O- 4-=M##Q0 D
*

@



G
0&
@

H G
D
G&

ﬀ


@

@

D%4

G
ﬂ
H+*
ﬂ% 

/(
IG
Oﬀ

IGQ@
%$ #
G
/$

 



ﬂ#c&c0&%
IG

G
ﬀ%


G
P 
G
02

H
%
@
%A


G
%A%ﬀ 2

G
ﬂ
*
02%
@,
Dﬃﬂ("

62(%$ (OD%6
	G
ﬀ
G

H


G H
ﬃﬂ


D
ﬀ(ﬂ
H
ﬂ#
@
 /(
G
#
D
#
H

@
%ﬂ
G
%


ﬀ%	
G

H
%9&M2
G


@O

G
%0&
G

@,
ﬂ80


H
4=

N0 D
*

@
9
a
ﬀTD)0&

%ﬂ
G

@,
Dﬃﬂ("

62(
@
%ﬁ#


G
ﬀ
	G
D%#

H

@,
D)ﬀ
H

G


P 
IG

ﬂ


0

(

ﬂ

@
D



@



@

H


G
8

ﬀ
@
%


G
PS
G
02

H
%
@
%A%ﬀ 2

G
ﬂ
*
02%
@,
Dﬃﬂ("

62(.
D
ﬂ

4
J

IG
tﬂ

H

G
ﬃﬂ
	@
%)#$ﬃﬂﬀ#ﬃﬂ("

%$
@

0ﬂ



#%)$



/(

8
G

@
ﬂ80ﬂ


D%


G
ﬀ
H

07ﬂ

%ﬂ

@
%
@

D
%ﬀ 2

G
ﬂ
*
02%
@,
Dﬃﬂ("

62(


G
ﬀ



4 =M##9

230&

$ﬃﬂ

@
Qﬀ
,

H?H




H
 

%ﬀ4
IG
ﬀ% ﬁ@LDﬃﬂ("

OD%


G
ﬀ



%#9

ﬃﬂ

ﬃﬂ(ﬀ


	G H

G
%ﬂ

%9

%ﬀ %
@

 *
ﬁﬃﬂ("




IG
ﬀ%"

)ﬀ8ﬀ%ﬀ
,
ﬂ
@


ﬃﬂ 
H
$ﬃﬂ

@
%ﬁ# ;%
 D
%


D)ﬀTD)0&

&%#

ﬃﬂ)ﬀ 7ﬂ
@


ﬃﬂ 
H
$ﬃﬂ

@
`"


G

3


7


4
= B
$
G

H+*

G H*

@
ﬂ
G

H
#
@




@
 ﬃ#ﬂ(2%2 7
ﬂ
 =
<
= B
 @



G
ﬃﬂ
H 
ﬀ%

a

G
 F0 D
G
ﬂ("

% 

F
 
=
$4 4 4
B
4
P  )ﬀﬂﬁﬃ "!ﬂ#ﬃ9$Qﬀ &()ﬁ *Q#ﬃ 0ﬂﬁ -.ﬀ!ﬂﬁ +ﬂ  Q - * ﬃ -ﬂ&( &( Q
0!6ﬃ 
J
 5e0 D
*

@

@
Oﬀ 
G


#)b%1
(OD2
IG
ﬀ
,
(

H
ﬂ$ﬃﬂ

@
%
@
D

8

 D


G
2 Dﬃﬂ("

%Q0&%
	G
D%
@



ﬀ
H
%ﬀ

G
ﬂ(0d&
G
-
IG
ﬀ>5
H+*
)0ﬂ

b
@
1ﬀ
,
D)ﬀ
H

G

$
H

H+*
)0ﬂ

D


@
D#
G
0ﬂ

D


G
ﬀ
,

D

G



ﬀ$ﬃﬂ

@
Mﬀ

G
 ﬁ#
H


ﬂ
G

@
 ﬀ
,
D)ﬀ
H

G

02%
IG
D


G
ﬀ%
@
D#
H
#
IG

@

G

H
%4



	G
D%#



6#%
H

G

H
FD
G
ﬂﬃﬂ("

%


@
D%ﬂ8ﬀ,)/$


@



:ﬂ

FD
G
%#
G

D
0

@
ﬂ
H
$ﬃﬂ

N"




 ﬀ

ﬂ;/

.
a

G
OD%4
	VŁ
 




J
,
%ﬀ 2

G
ﬂ
*
0&
@

H
8

%$

ﬃﬂ8ﬀ(ﬂFD


IG
ﬀ
G

H

#
G"
H
ﬃﬂ

@
%

 ﬁ# D)ﬀ
H

G

0262

Dﬃﬂ("

%$

,
%#

(

@


OD&Mﬀ
G

H


G
H
ﬃﬂ

@
%6D)ﬀ
H

G


@
\(R0

0&

Q
G


e/(
G
##


Gﬃ



.&
@
%%ﬁ#
h


ﬂ
ﬀ
,

 ﬁ@

,
%#

(
G

H

#
G
ﬂ9&
H


#
@
:ﬀ 
P
%ﬂ(7ﬀ "



ﬃﬂOD
@,
D


G
23ﬂ
@
D


OD%$

ﬂrﬂ(ﬀ%
G

H


G
ﬂ
02%ﬂﬀ

D$ﬃﬂ
P
%ﬂ

(6
D
H
G
ﬂ&
G
%
@
#"

%ﬀ(ﬂOD7
H

00&9ﬀ
,
ﬂ

ﬀ$ﬃﬂ

D


G
2#Dﬃﬂ("


B
$

ﬂrﬂ8ﬀ%#
G
(#)07ﬀRD
/(
H
@,



G
%
@
D

8

 D


G
2 Dﬃﬂ("

%D


 ﬀ
P 
G
0&
@,<



ﬂ("

 ﬁ@4
J
M0 D
*

@

@
D
H
G
ﬂ#
@



H
##


G
ﬃﬂﬃﬂ
G



G
ﬃﬂ
@
Nﬀ92
G



ﬀ
G
ﬂOD 


@
H
%ﬀ

G
ﬂ(0d&
G
%$
@


OD
& ﬀ %ﬂ(ﬀ(ﬀ+
G


e/(
G
#
@,<

D)ﬀ
H

G

4 rﬀ8ﬀ
G
D


@
&
@

 D
H

@
ﬂﬃﬂ


H


G

@
ﬂ
H


ﬂ
G
%
h
H

#

ﬂ
G





@,
D


G
23ﬂ
@
 ﬀ
,
D)ﬀ
H

G

"




ﬃﬂ !ﬀ'


9

H

#
G
ﬂ





G


#ﬀ

ﬀ

KD
G

ﬂ#


ﬂ 7ﬀ


IG

D
H
ﬀ
IG
 ﬀ%
@
D

8


@,
D


G
23ﬂ

,

a

G
#





(K&`ﬀ
,
D)ﬀ
H

G

4
J
,
ﬂ

#
G

ﬀ $ﬃﬂ

@
%4
G

H
%
@


 ﬀ
H
%ﬀ

G
ﬂ(0&
G

@


@
%


ﬃﬂﬃﬂ




ﬃﬂ 7ﬀ%


	G
ﬀ
G

H*

G
H+*

@
X2(
G
5% D)ﬀ
H

G

0262

Dﬃﬂ("

%4+=

%02(
@

H
)ﬀ(ﬀ

ﬀ%
@
H
%ﬀ

G
ﬂ(0d&
G
 D)ﬀ
H

G

0262

Dﬃﬂ("

0%#D%ﬀ

G

H

#ﬃﬂ

D%$
@
%
H
G
ﬂ5&
G
%
@
"

%ﬀ(ﬂFD


G


7
IG
ﬀ
,
D


G
23ﬂ
@
Qﬀ
,

 ﬁ@
G

H

#ﬃﬂ

D-#ﬀ/
G

H
4(

H
ﬂRD0

9
a
ﬀ(ﬂ8"

D%4
 F_HFJIFJI 
S
>
S
W%? PVUN
S
?
S
? G TrU!> T? PVUN C
S
E? G TaW
S
E
J
,
%ﬀ 2

G
ﬂ
*
0&
@
 ﬀ
G


#FD)ﬀ
H
ﬃﬂ


ﬀ%Y
G

H
%
@


@ {v }
~ ﬀ


*5
,+
2
H
 

@,
/

ﬂ
G^





G
D%

ﬀ

ﬃﬂ


IG
ﬀ
IG

	G

	G
ﬂTDOD%)4ﬀ=M%/
G

H
%2

/



ﬂ#
D

G



ﬀTD%
@


Oﬀ
H
%ﬀ

G
ﬂ80&
G

D)ﬀ
H

G

0C62

Dﬃﬂ("

%4
J
D
G
 ﬁ#
H


ﬂ
G

@
ﬀ 


G
ﬃﬂ
H

ﬀ)%



*
D)ﬀ(ﬂ
H
1&9ﬀ
,
ﬂ

OD
G
ﬂ
IG#@
ﬀ
,
%ﬂ(02

Q

ﬀRD



@
%ﬀ



1ﬀ(ﬂ(2


@IG

ﬂ#X& ﬀ
,

D
FD
G
ﬂ
	GN

ﬂﬃ"

9ﬀ
H*
%0

0C62

Dﬃﬂ("


G
D%ﬃﬂ
@
)ﬀ;%#
H

ﬂ
@
D
G
D
H

00&


ﬀ4
J
,

D

G



ﬀ$ﬃﬂ



G
02'%ﬂ

ﬃﬂ
@
ﬀ

H
%ﬀ(ﬂ#
G
ﬀ
,
D/(



)ﬀ
@
D

8


@,
D


G
23ﬂ
@


1ﬀ
H
%ﬀ

G
ﬂ80&
G

H



G
%ﬀ

B@


Rﬀ%R


H+*

$%ﬂ

ﬃﬂ"

 ﬀ%
H
)ﬀ(ﬀ

ﬀ%
@


tﬀ%"

)ﬀ8ﬀ%ﬀ
,
D)ﬀ
H

G


	G
%ﬂ
@
D


OD 

D


G
23ﬂ%4
ﬀ
H
%$

$Fﬀ%ﬂ

#
G

H
ﬃﬂ


@
1ﬀ4
G

H
-)/(
H
ﬀ%
H
)ﬀ8ﬀ

ﬀ%
@
H
%ﬀ

G
ﬂ(0d&
G
-


H
%ﬀ
H

ﬀRD%9


ﬂ /(%
L@
%
G
 

 ﬂ

OD
G
ﬂ
IG
$a0

(

9
D
FD
G
ﬂ
	G @

H*
%"


H


H*

@

H
%ﬀ

G
ﬂ(0d&
G
%4
J
%
H
)ﬀ(ﬀ

ﬀ%OD)ﬀ
H
ﬃﬂ

D%
ﬁ H


H
)ﬀ(ﬀ%Q
G
/(
G
OD%


G
ﬀ
,

D

G



ﬀ$ﬃﬂ

@
ﬀ.
G

H
%$
@





D
)0

ﬀ%#R0


G
D&9ﬀ ﬁ72
IG
34 IF4 IF4
 
34 IF4 I
 D

"#	 ﬂ
 
ﬃ ﬁ	  
 !
ﬁ	 1ﬃ#



 
 	  ﬂ#$

 

	 
!
		

	 

  
 & "   	 

 ﬁ$
" ﬁ	 

 8

 

 
!

ﬀ 


!
  


0
&
 

ﬀ-

 ﬁ



		
&
 F_HFJIFﬀ_
 
U;N'E)?G UHW%? PVU;N C
S
> TiG UU'?
S
C TN'EX>
S
WT7>VU7G$PY 
S
?G
S
W
S
N?G T7>


	G
)0ﬂ&
G
'
7	G

D
ﬂ(02$ﬃﬂ

$ﬀ
G


# %#
H

ﬃﬂ

D
@
 


#%:ﬀ%
H
)ﬀ(ﬀ

ﬀ%6
G
)/(
G
FD%


G
ﬀ
,

DFL

G



ﬀ$ﬃﬂ

@
ﬀ1
G

H
%$
@


1ﬀ%'
G

ﬂ
	G
)0ﬂ
G
 D62(%
@
H
%ﬀ

G
ﬂ(0d&
G
%4
J
% D)ﬀ
H

G


G

H+*

G
H*
D%



@
 
(# D


G
23ﬂ 
@
D


#

O

2 D

D
G
%ﬀ


 @,
D


G
23ﬂ
@


Dﬀ "

$
G
ﬂ&)0&
H


H*
%4 
DFL
H
ﬀ
	G

H
##
@

G

ﬂ&
G

H


H+*



G
0&
@,
%0 D)ﬀ(ﬂ

G

G
ﬀ
@
ﬂﬀ
H
G
ﬂ(0ﬂ

$ﬃﬂ

D)ﬀ
H

G

L
*

@IG

4.%
H
)ﬀ8ﬀ

ﬀ%

aa
ﬀRD)0&

%ﬂ
G
%



/(



D%

0

ﬂ

 8
G
7 ﬁ


OD%AﬃﬂﬀD
G
 ﬁ#
H


ﬂ
G

@
Nﬀ
,
D)ﬀ
H

G

%#	
G

B@
D
H



G
D

	G
ﬀ 
H
)ﬀ8ﬀ

ﬀ%4
J
,
 ﬁ



@
%
H
)ﬀ8ﬀ

ﬀ%/

ﬂﬃﬂ

%%#
H


G
8

ﬀTD


G
ﬀ


G
%0&
G



 



 
$
@
D

ﬂ
H

0X0&
ﬀ
@
ﬂ#

H
9


G
9ﬀ
,

D

G



ﬀ$ﬃﬂ

@
Mﬀ-
G

H
D.ﬀ:

GQ@ @
Mﬀ
H
)ﬀ(ﬀ

ﬀ%4
J

H
)ﬀ(ﬀ

ﬀ /

ﬂﬃﬂ

9%# ﬁ


OD
ﬃﬂﬀ 
@
ﬂ#

H

@
Qﬀ/
G

H
4



GT@ @

H
##
H
)ﬀ(ﬀ

ﬀ'%#

ﬀ



ﬃﬂ#"




 




4
J
%,
G

H
%)$
@


'ﬀ.2%00&6

ﬂ(0

ﬀﬃﬂ


G


ﬃ/(
G
#
@
% D)ﬀ
H

G


H

ﬃﬂ
@
D
G
D%$7

}
~ ﬀ
* 5
,+
B




G
&%


(@
D  D
H+*
ﬂ%


G
ﬀ
H+*
%0

0C62

Dﬃﬂ("

9A

r"

(ﬃﬂ(02


G

@
ﬂﬀ%ﬀ%
h
ﬀ'
G
 ﬁ#
H


ﬂ
G
#ﬂ

#
G
H


#


ﬂ("

)0&


@
%
H
)ﬀ(ﬀ

ﬀ%
@
0 8)0&


ﬃﬂﬃﬂ




4

G
/ 

H+*
%$'ﬀ3
G
 ﬁ@
H


ﬂ
G

@
ﬀ
,
D)ﬀ
H

G






G
/(
G
#
Gt
ﬀ

ﬃﬂ
	G
-


@
%	


7
H
)ﬀ8ﬀ

ﬀ%
@
 0 8)0&

B
4
J
 a2
IG
$34 IF4

0


G
 ﬀ

0
G

@

H
)ﬀ8ﬀ

ﬀ%




G
)/(
G
FD%


G
ﬀ
,

D

G



ﬀ $ﬃﬂ

@
Oﬀ C
G

H

@


9ﬀ%D
G

ﬂ
	G
)0ﬂ&
G
%
H


H+*
%
@
H
%ﬀ

G
ﬂ80&
G
%4
'

#ﬀ%
@

Dd	G
)0ﬂ
G
KD62(%
@
H
%ﬀ

G
ﬂ(0d&
G
%$


-#

ﬀ
H
)ﬀ(ﬀ

ﬀ'%#9
G
/(
G
FD
@



H
I

@
%
H
($

@

D
H
)ﬀ(ﬀ

ﬀ%
@


 

@
%
H
(4\.

Xﬀ
G

ﬂﬀﬃﬂ&)0& D62(%$
@
d2
G



ﬀ
G
ﬂFD
@

D
P 
ﬂ

ﬀ

G





 


$ ﬁ

ﬃ"
,
&3
G

ﬂM


@
%'

c


/(

 8
G
C
G
)/(
G
FD%)4B'


H

H
( 7



@


%ﬀ
B
$'ﬀ
@

G

ﬂ&
G

H
)ﬀ(ﬀ

ﬀ
G
)/(
G
FD
H

ﬃﬂ


G

G
)0&



ﬀ


@
#I6f

@
 ﬀ
,
D


G
23ﬂ
@
D


FD
@


tﬀ 
H


H*
P: 3
*
<
4
J
,

D
H
ﬀ

ﬃﬂ

@

H
##a
G

ﬂﬀﬃﬂ&)0&
H
)ﬀ8ﬀ

ﬀ
@


ﬀ
H


G
H
ﬃﬂ

@
Dﬀ
G


#


G
0&
@,
%0 D)ﬀ(ﬂ

G

G
ﬀ
@
ﬂﬀ
H
G
ﬂ(0ﬂ

$ﬃﬂ

2 C
4
E

IG-

D)ﬀ
H

G

ﬂ

ﬀRD
@-,
ﬂ(0


ﬀ ﬃﬂ


G


e/(
G
#
H

0
	G
ﬂ#/


G

*
I
* 5
,+
H
$ 

0

(


H
f

@
 ﬀ
,
D


G
23ﬂ0%#
@
D


OD
@


9ﬀ%
H
)ﬀ8ﬀ

ﬀ%DOD)ﬀ
H
ﬃﬂ

D%$
H

GQG
%


@


O& 6f

@
 ﬀ
,
D


G
23ﬂ0

%ﬀ
6f
 
34 IF4
   # ﬀ %
!
	 	

	 4 #

#A

  
1 & "  %	 

 " ﬁ	 

 %	 

 
!
%ﬁﬂ 	 

 ﬃ
"  #

 
!

!
:
 !
ﬁ	 1ﬃ#



ﬀ
&
@
D


FD
@


Qﬀ
H
%ﬀ

G
ﬂ(0d&
G
%4
B
)ﬀ$ﬃﬂ /()02

d&Dﬀ
,
D


G
23ﬂ2 D

D
G
D%$rﬀ
G
D%

ﬀ

ﬃﬂ



D


G
23ﬂ
G

H


L

G
ﬂ#%
@
dI


$ﬀRD2&
G
)02


@
D2
G

@
D


GﬂG

7

G
d&
H
)ﬀ(ﬀ
@ H
%ﬀ

G
ﬂ80&
G


ﬃﬂ
Gﬂ@



4
J

a2
	G
634 IF4 3c0


G
ﬀ%
@
ﬂ
G
ﬂ 

ﬃﬂ


@ G

7

G

@
Oﬀ
,
D


G
23ﬂ
H

#



@


1ﬀ
G


#&dﬀ
,
D


G
23ﬂ
@
D


FD
@


 ﬀ%
G

ﬂﬀ
	G
)0ﬂ&
G
%
H


H*
%4
 
34 IF4 3
  %
!


 
!
   	     #&
!




  ﬂ 	   
!

&
  



 
!
 %
	  :
		 
!
  ﬀ
!
ﬂ





"   "ﬀ" 


 	  :  "  &%ﬁﬂ 	   
 

&
 F_HFJIFE
 
U;N'E)?G UHW%? PVU;N C
S
> TiG UU'?
S
C TN'EX>
S
EWT7>VU!G PY 
S
?G
S
ETtUUHWHUNHE
D

ﬂ
G
ﬀ
G


#


G
ﬀ
,


#)07ﬀ
@
%
H
)ﬀ(ﬀ

ﬀ%3
G
)/(
G
FD%


G
ﬀ
,

D

G



ﬀ $ﬃﬂ

@
 ﬀ\
G

H
^

 ﬁ




3D/(



)ﬀ(ﬀ)02


@
%
H
)ﬀ(ﬀ

ﬀ%t/

ﬂﬀﬃﬂ

%6%#Nﬂ


aG

	G
ﬂRD
@


\ﬀ%
H
%ﬀ

G
ﬂ(0d&
G
%


H*

4
J

2#D

0 D
G
ﬂY%#

ﬀ


H

0

ﬀ8ﬂ("

D"


H
)ﬀ(ﬀ
@
H
%ﬀ

G
ﬂ(0d&
G

H



G
%ﬀ$Rﬀc2
G



ﬀ
G
ﬂOD
@
 ﬀO
G

ﬂﬀﬃﬂ&)0&
H


H+*


,
%#
@

D
PS
ﬂ

ﬀ

 

c"




IG
:
<?
}A@
: $ I<

$dﬀ
H
%ﬀ

G
ﬂ(0d&
G
*%#FD


G
D`


G

ﬂ
#
H
ﬃﬂ


h
ﬂ

#
G

%$!0 D
@
ﬂﬀ

 .
D
#
G

%4%



$B&X2
G


@
:

: $ ﬀ2%ﬂ8ﬀ(ﬀ

*
ﬂ("


@
%
H
)ﬀ8ﬀ

ﬀ%
@
/Fﬂ



ﬀ



ﬃﬂ#O"

 ﬀ
@
ﬂ80&

ﬃﬂ

 

ﬂ("


@-,<

 2(
G
5 D)ﬀ
H

G

0262

Dﬃﬂ("

%4
J
,
%ﬀ(2

G
ﬂ
*
0&/%ﬀ#
G

$ﬃﬂ
P
ﬀ

ﬀ

-ﬃﬂ(0

ﬀ
H

ﬃﬂﬀ##`&
@
D

ﬂ
G4

H
ﬀ(ﬂ

@IG
2



IGﬂ@
 ﬀ
,

D

G



ﬀ $ﬃﬂ

@
 ﬀ
G

H
%$
@

ﬀ
G
 

@

ﬂ 8
G

H

0


G
67ﬀ_&
H
)ﬀ

ﬂ
@,<

X2(
G
5 D)ﬀ
H

G

0262

Dﬃﬂ8"

%4
 

#%Oﬀ%
H
)ﬀ8ﬀ

ﬀ%
@

 ﬀ
H



G

%#
H

0
G
ﬂ
@



H

H
Fﬀ8ﬂ

@IG
.

7 ﬁ


FD%4
J
 a2
IG
 34 IF4
*
0


G
1ﬀ

0
G

@

H
)ﬀ(ﬀ

ﬀ%\ﬂ

H
ﬀ

#%
@


9ﬀ 
G


#
@


Mﬀ
	G
)0Xﬂ
G
D62(C
@


Mﬀ/
G

ﬂﬀﬃﬂ&)0& D62(
@
H
%ﬀ

G
ﬂ(0d&
G
%4
J
,
D)"

ﬂ /$%ﬀ


@


G
%0&
G



 




%##ﬂ
H
ﬂﬀ
G
 

@
H
ﬀ(ﬂ

@	G

@

 ﬀ O/ %ﬀ
	G 

G @
D
P


7%#
@


H
0d4


 
34 IF4
*   # ﬀ$
!
	 	

	 ﬃ
!
	

%
	   
!
#" 




!

	 ﬃ ﬀ$ 


!
# %ﬁﬂ
	  "  # 


 
 !
ﬁ	 1ﬃ#



 
ﬀ

 %
ﬂ!

0
 %	 

 ﬃﬀ

#  

 
 !
ﬁ	 1ﬃ#



 
ﬀ

  


0
&
E

IGM

D)ﬀ
H

G

ﬂ

ﬀRD
@,
ﬂ(0


ﬀﬃﬂ


G


ﬃ/(
G
#
H

0
	G
ﬂ#


G

*
I
* 5
,+
H
$

0

(



H
f

@

ﬀ
,
D


G
23ﬂ9%#
@
D


OD
@


rﬀ%
H
)ﬀ(ﬀ

ﬀ%)FD)ﬀ
H
ﬃﬂ

D%$
G

	G
D%



 
*


@
9ﬀ
,
D


G
23ﬂ.

%ﬀ
@
D


OD
@


ﬀ
H
%ﬀ

G
ﬂ(0d&
G
%4
J

G
D%

ﬀ

ﬃﬂ


IG
ﬀ
,
D


G
23ﬂ
G

H

#
G
ﬂ# %#
@
QI


 $%ﬀ

G
N"
,
)ﬀ(ﬀ.%
@

2*




IG
ﬀ
H
%ﬀ

G
ﬂ(0&
G
.

ﬃﬂ
G
4
J

@
D2
G

@
$ﬃﬂ

@
9ﬀ
,
D


G
23ﬂD%
@

H
P
%ﬂ 7ﬀ%4
J
 72
IG
A34 IF4 30


G
Mﬀ%
@
ﬂﬀ#
G
ﬂ 

ﬃﬂ


@ G

a

G

@
Xﬀ
,
D


G
23ﬂ
H

#



@


Qﬀ 
G


#_&Kﬀ
,
D


G
23ﬂ
@
D


OD
@


ﬀ% 
G

ﬂ
	G
)0ﬂ&
G
%
H


H+*
%4
 F_HFJIF 
<
U T
N? P@?BA
S
EWT7>VW?UB>6A
SFS
E
S
?2RTaG P TaT>
S
EXCQPVE)W3G$PY P N T
N?
S
E
'

Nﬀ9


@-,
%0 D)ﬀ(ﬂ

G

G
ﬀ
@
ﬂﬀ
H
G
ﬂ(0ﬂ

$ﬃﬂ




G
Qﬀ% D)ﬀ
H

G

Nﬀ%

ﬂ

$

ﬀ

ﬃﬂ
	G
r"



ﬃﬂOD%



/(

 8
G

H
%ﬀ
H

ﬀTD% &


G
ﬃﬂ
G @
%
H
)ﬀ(ﬀ

ﬀ%FD)ﬀ
H
ﬃﬂ


D%9
@
Qﬀ/
G

H
4(

H
ﬂRD%4=M 


h
;	



h
ﬀ
,
D
G
23ﬂ)
G
ﬃ/(
G
#
@
tﬀ

H
)ﬀ(ﬀ

ﬀ+OD)ﬀ
H
ﬃﬂ

SDM%#
H

ﬀ
H

ﬀTDM&
  G
ﬃﬂ
G"@
rﬀ
,
D
G
23ﬂr0&%
IG
D
@
ﬀ

H
)ﬀ(ﬀ

ﬀ
 } x|x
.ﬀ
,
 23ﬀ


ﬀ

ﬂ
G


%
&
 @
Mﬀ
 G
H




H
ﬂTD&

ﬀ
,
D)ﬀ
H
 G

4
J
CG
)ﬀ
ﬀ
ﬂ

%


 } x|x
~ ﬁ

 } x|xﬃﬂ
ﬂ 
@ {v }
4
J
,
 23ﬀ!
#"
ﬀ

ﬂ
G
!
@
D!
@$
ﬂ
#@
!
ﬂ
%"
ﬂ
ﬂ

ﬂ
"

ﬂ
@$
/&!
G	
!
DO	G
ﬂ(0

ﬂ
G
!'!
@
!
ﬂ
H
!)ﬀ8ﬀ
$
ﬀ!
ﬂ
H

ﬀ
"MG
ﬂ(0 D!
 G
ﬂ8"
$
!
ﬂ

,
!
ﬂ
r
ﬂ
$(
ﬂ(ﬀ8ﬂ
ﬂ
D!
h
ﬂ(ﬀ

!
$
8!
 G
!)!
GQG	"
/D!#ﬀ
"MG
ﬂ
@,$
! 0
&$
/

ﬂ
ﬂ
!
G
!
H
"

ﬂ
 G$
H

ﬂ
"

@$
/&!
G	
!
Dd	G
ﬂ(0

ﬂ
G
!

;+*ﬀ,%-
h
ﬀ
,
D!(!
G
23ﬂ!
@$
H


@
ﬂ
@ﬀ
D!)ﬀ!
H
 G	"
!
ﬂ

H

ﬀ
H
$
ﬀRD!ﬃ!
H
"
00.!
ﬂ
"
00/!
@
!
ﬂ
D!(!
G
23ﬂ!
ﬂ
ﬂ0
@
ﬂ /ﬂ
@$
!)ﬀ8ﬀ!
ﬂ
@
!
ﬂ
H
!)ﬀ8ﬀ
$
ﬀ!
ﬂ
$!&

H
"

@
ﬂ

ﬂ
"
X"
$
!
H
!)ﬀ8ﬀ!
ﬂ
L
H
ﬂ
@
D!
1
ﬂ	ﬂ
!
2$

H
!
G		
ﬂ
ﬂ
!
$
ﬂ8ﬀ 
D
D!&


f435!,+

1
@,
D!/Fﬂ

!
G
@,
ﬂ
H
ﬀ
$	G
!9ﬀ!
ﬂ
H
!)ﬀ(ﬀ
$
ﬀ!
ﬂ
@-,
D!!
G
23ﬂ!SD!2
ﬀ
ﬂ /&!
6	G
&!
ﬂ)ﬂ
"6$
ﬂ
 G
H

ﬂ
"

@$

G7$
ﬂ


;
98
,%-
h
ﬀ
,
ﬂ80
1$
ﬀ
ﬂ
ﬂ
"

@
!ﬀ
,
D!)ﬀ!
H
 G	"
:!
ﬂ
 @("
SD!ﬃ!
 G
ﬀ
,
ﬂ(0
$
ﬀ
ﬂ
ﬂ
"

@
!Qﬀ
 G
H
!

ﬂ	ﬂ
"
H
ﬂTD!ﬃ!

;
8
,%-

h
ﬀ
,
D!!
G
23ﬂ!
 G

ﬂ
/&!
G
ﬂ
!
@
! ﬀ
,
D!)ﬀ!
H
 G	"
;!
ﬂ

H

ﬀ
H
$
ﬀRD!ﬃ!
@
! ﬀ

0

aﬂ&!
G
!
ﬂ
$
ﬂ /



!
h
=<
9<;
~ ﬁ
2<
9<;
ﬂ
ﬂ>
@V{Vv}
"
&
$

@V{Vv }
!
ﬂ

ﬀ
,
 23ﬀ!
%"
ﬀ

ﬂ
G
!
@
!ﬀ
 G
H
!

ﬂ	ﬂ
"
H
ﬂTD!ﬃ!&

ﬀ
,
D!)ﬀ!
H
 G"


;?A@ﬃ?CBD


h

@FE+@Vvﬁx
~
!
ﬂ

ﬀ
,
D!!
G
23ﬂ!
 G

ﬂ
/&!
G
ﬂ
!
@
!
G"6$(
!
ﬂ
ﬀ!
ﬂ
H
!)ﬀ(ﬀ
$
ﬀ!
ﬂ
 G
/&!
G
ﬂ
D!ﬃ!
ﬂ
1 G
ﬀ
,
!
DH G6#"
ﬀ
ﬀ
ﬂ
"

@
!#ﬀ
I G
H
!
@

ﬂ
ﬀ!
ﬂ
H

ﬀ
"MG
ﬂ(0&!
 G
!
ﬂ
D!)ﬀ!
H
 G	"
0

26SD!

ﬂ("
$
!
ﬂ
!

*
M@IG	"
7ﬂ("
$
!
ﬂ
H
"
00/!
@
D!
H
G
ﬂ
S@

ﬂ
ﬀ!
ﬂ
1 G	
ﬂ!
ﬂ
	G
D!
H
D!
@
!

!
ﬂ

;+J
8
,%-
K
h
ﬀ

P
G
H

ﬂ
"
 D!)ﬀ!
H
 G"
0

26/D!

ﬂ("
$
!
%"6$	G
ﬀ!
ﬂ
D!)ﬀ!
H
 G	"

ﬂ
@
! 

ﬂ
0
"
0/!
) G

ﬂ
/&!
G
ﬂ
!L!
ﬂ

@
D!1aﬂ!
@
!K0

7ﬂ&!
G
!



ﬀ
"
2
$
! &

H
!)ﬀ(ﬀ!
@
!
ﬂ
D!)ﬀ!
H
 G	"

ﬂ
D!(!
G
2 D!

ﬂ8"
$
!
ﬂ
4 rﬀ8ﬀ!M!
ﬂ

H

ﬀ
H
$
ﬀRD!ﬃ!
H
"
0X0/!
%I
ﬀ!
G76a#"MG	6@
!dﬀ
,
D!(!
G
23ﬂ!
 G

ﬂ
/&!
G
ﬂ
!
@
D!(!
 G
ﬀ

0 D!
 * "F@
!
@
!ﬀ
 G	"6$(
!
ﬂ
$IG
ﬀ
,
D!(!
G
23ﬂ!
G"&	
ﬀ!
@
D!
%"
ﬂ
D!ﬃ! ﬀ!ﬀ
"
a2
@
!Qﬀ
,
!
DH G6#"
ﬀ
ﬀ
ﬂ
"

@
!ﬀ
 G H
!
h
=3 <
9?;
 
ﬁ
2<
9?;
~
2

@ E+@Vvﬁx
~
4

(!1/

ﬀ!
$IG G	" H+*
!
@
!

ﬂ
ﬂ(26aﬂ!:"
$
!1ﬀ
, "
 ﬁG!

!
ﬂ

ﬂ
ﬂ
"
ﬀRD!D!(!
G
2 D!

ﬂ("
$
!)0/!

4

!9/

ﬀ!
$IG
ﬀ
$
ﬂ
P

ﬂ 7ﬀ!%$
@
!Mﬀ
, "MGQ@IG
!
@
!Mf4
ﬁ
!
ﬂ
 #"
ﬂ	ﬂ
ﬂ !ﬀ!
#"6$IG @
!
ﬂ
D!)ﬀ!
H  G	"

ﬂ
0
"6$
ﬂ
@

ﬂ
@
!
ﬂ
ﬁG!

ﬂ

; 2
 8
,%-
h
ﬀ

"
$1


ﬂ

D! 
2 
<
9?;
!
ﬂ

ﬀ!
G6a#"MG	
!
 G
!ﬀ
,
D!(!
G
23ﬂ! D!)ﬀ!
H  G	"
0

26/D!

ﬂ("
$
!
G
!
H "

ﬂ
L
 G$
ﬂ

!
1 G
ﬀ

0 D!
 * " @
!
@
!ﬀ
KG	"6$
!4!

ﬀ
,
ﬂ(0
1$
ﬀ
ﬂ
ﬂ
"

 G

ﬂ
/&!
G
ﬂ
!
@
!ﬀ
  G H
!

ﬂ	ﬂ
" H
ﬂTD!ﬃ!%4E
"6$IGI$

D!)ﬀ!
H  G	"
_0
"6$ H
!
G
!"
$


ﬂ

D!/!
ﬂ
9G	" H+*
!
@
! f4F4 \ﬀ(ﬀ!4!
ﬂ
M
ﬀ
$
ﬂ
P

ﬂ(7ﬀ!
#"6$IG
ﬀ!
ﬂ
* M@IG"

ﬂ
1$
ﬂ
ﬂ
L
"
$,
ﬂ8ﬀ
ﬂ
@
D!
%"
ﬂ
!

! 0
"
&!1(!
$
!
P

ﬂ !ﬀ!
P
G H 
ﬂ
"

@
!Kﬀ!
$	G
D!(!
G
23ﬂ!
@1

ﬂ
ﬀ!
ﬂ
 G"
ﬂ
ﬂ
	G
!)0Xﬂ&!
G
!
ﬂ
H "6$ H*
!
ﬂ
@$ H 
ﬀ
"MG
ﬂ80&!
 G
! D!)ﬀ!
H  G	"
0

26/D!

ﬂ("
$
!%4
=>!
ﬂ
/
 G
ﬂ

7ﬀ!
ﬂ

!
G
0/!
G
!
6@
!
@
D!1aﬂ
GC@
!
ﬂ
H G
ﬂ

&!
G
!
ﬂ
@
!X"
$1
ﬀ(ﬂ

D!%4B! ﬀ

0 8!)0/!0

aﬂ&!
G
!"
$
!
#"6$IG
ﬀ!
ﬂ
D!)ﬀ!
H  G	"

ﬂ
D!(!
G
2 D!

ﬂ("
$
!
ﬂ
!

ﬂ
ﬂ
"
ﬀRD!
ﬂ
$

ﬀ
$
ﬂ
ﬂ!
$IG
ﬂ
aﬂ(/&!
&$D @
!D"
$
ﬀ(ﬂ

D!:!
D
ﬂ
ﬂ

!
X#"6$IG
ﬀ
,
ﬂ
@
!

ﬂ
H ﬀ
ﬂ
"

@
!
ﬂ
D!)ﬀ!
H  G	"

ﬂ
0
"6$
ﬂ
4
J
!"
$
ﬀ(ﬂ
H ﬀ
ﬂ
P


		 
 
!
ﬂ
 @
D!1aﬂ
1 G
ﬀ!
ﬂ
H G
ﬂ

&!
G
!
ﬂﬂ
$
ﬂ /



ﬂ
h
23 <
9?;
 
ﬀ
f

!

f 3 $ 
2 
<
9?;
$



4
J
!
ﬂ
D!)ﬀ!
H  G	"

ﬂ
0
"6$
ﬂ






@("
ﬂ(/&!
G
!)0

ﬀ(ﬂ
G @
!
ﬂ
H "

@
ﬂ

ﬂ
"

ﬂ

ﬀ
$
ﬂ+ﬂ
 G
ﬂ
H 
!
ﬂ
h
23 <
9?;
 
ﬀ
f
*
!

f

$#
2 
<
9?;
$

yf
*
4
	VŁ
@Ł      ,  

ﬀ

D!

D!0
"

 G
D! "
$
!Xﬀ!
ﬂ

!
G
P
"MG
0


H
!
ﬂ
@
!ﬀ

0 D!

*
" @
!
@
!ﬀ
 G	"6$(
! (!
ﬂ
"

1
ﬂ

0 D!)ﬀ(ﬂ
"MG
D!ﬃ!
ﬂ
!
$(
ﬂ8ﬀ(ﬂ
ﬂ


 @
ﬂ)( D!
G
!

!
ﬂ
/

ﬀ!
$	G
ﬂ
@$_ G
0&!
 G
!


 



 
43E
 G
ﬀ

ﬂ
$
ﬂ

!%$
&$
H
$
!
H
!)ﬀ(ﬀ
$
ﬀ!
M@
ﬁ

H
!

!
&$D
H
!)ﬀ(ﬀ
$
ﬀ!
ﬂ
 G7
/&!
G
ﬂ
D!ﬃ!
ﬂ
1 G
ﬀ
,
!
DH G6#"
ﬀ
ﬀ
ﬂ
"

@
!Mﬀ
4 G
H
!I
,
!
ﬂ
>
ﬁ
"6$
D!ﬃ!%4
J
!
ﬂ

!
G
P
"MG
0


H
!
ﬂ
@
!1ﬀ

0 D!

*
" @
!
@
!dﬀ
 G	"6$
!
ﬂ
"


0
"

 G
D!ﬃ!
ﬂ
#"6$IG
ﬀ

/

ﬀ!
$IGB@$J1 G
0d&!
 G
!


 




ﬁ
f4
J
 	
ﬂ(ﬀ8ﬀ!
@$
H
Fﬀ8ﬂ
@IG
!
@
!
G
!
H
"

ﬂ
 G$
H

ﬂ
"

$(
ﬂ(ﬀ8ﬂ
ﬂ
D!ﬃ!
@

ﬂ
ﬀ!
ﬂ
H

ﬀ
"MG
ﬂ(0d&!
 G
!
ﬂ

"6$
H+*
"

ﬂ
!
ﬂ
 @
!

H
0d4 E
 G @
D!
P
&$(
$%ﬀ
, "
 ﬁG!

!
ﬂ

ﬂ
@
!

ﬂ D!
H
"
00.!BD!)ﬀ!
H
 G	"
O0
"6$
ﬂ
,
ﬂ8ﬀ
ﬂ
ﬀ
ﬂ
ﬂ
P

ﬂ

ﬀ!
ﬂ
H
G
ﬂ

&!
G
!
ﬂ






4
J
!
ﬂ

!
G
P
"MG
0


H
!
ﬂ
@
!ﬀ
,
ﬀ 2
"MG
ﬂ

*
0/!
@
!.ﬀ
 G	"6$(
!
ﬂ
"


D!/

ﬀ
$
D!ﬃ!
ﬂ
!

!
G
0/!
@,
! 7
H

H
ﬂ

D!
@
!
G
!
H
"

ﬂ
 G7$
H

ﬂ
"

@-,
D!)ﬀ!
H
 G	"

ﬂ
@
!

ﬂ
0
"
0.!
L G

ﬂ
/&!
G
ﬂ
!%$ !

!

!
G
0/!
@
!
1$	G
!

D!
@
!
ﬂ
H


@
ﬂ
@ﬀ
ﬂ
G
!
H
"

ﬂ
 G$
ﬂ

ﬂ
4
	

 dU A
S S
E'?>VE'A
S S
E
J
!
ﬂ

!
G
P
"MG
0


H
!
ﬂ
@
!#ﬀ

0 D!

*
" @
!
@
!:ﬀ
G"6$(
!
ﬂ
"


0.!
ﬂ
$IG
D!ﬃ!
ﬂ
@

ﬂ
ﬀ!
ﬂ
@("
SD!ﬃ!
ﬂ
!

!
G
0/!
@-,
ﬂ
@
!
L

ﬂ
H
ﬀ
ﬂ
"

@
!
G
D!
ﬂ
"



H
!
ﬂ

2
!
ﬀ
h
0/!
ﬂ
$IG
!
@$KG6a#"MG	
ﬂ
ﬂ 26

ﬀ
ﬂ
$IG

G$
ﬂ

!

!
ﬂ

ﬂ(0
ﬀ
ﬂ
"

@
!1ﬀ

ﬂ
ﬂ 26aﬂ
L

H


H
!%4
J
,
!
G
!23ﬂ
ﬂ
 G
!)0.!
0@
!
ﬂ
@"
/D!ﬃ!
ﬂ
G
D!
H
ﬀ

0/!
@
!
$DA@
D!

8
"&
ﬂ
@,
D!(!
G
23ﬂ!
ﬂ
 G

ﬂ
/&!
G
ﬂ
!
ﬂ)ﬂ
$
D!
G
ﬂ!
$IG
!
ﬂ
&


!

 5
!,+ !
 @
!
ﬂ
 G
H
!
ﬂ
@,
ﬂ(0
$
ﬀ
ﬂ
ﬂ
"

 G7

ﬂ
/&!
G
ﬂ
!
ﬂ
$
D!
G
ﬂ!
$IG
!
ﬂ
&


!

* 5
!,+ 
H
&$c	G
!)0ﬂ!
G
aﬂ /&!
&$
@
!
@
D!
H
ﬀ!
H+*
!)0/!

7
J\ B
4
ﬀ)$
aﬂ /&!
&$
J
IF$
H
!
ﬂ
"
 ﬁG!

ﬂﬂ
"

+
ﬂ	ﬂ
"
H
ﬂTD!
ﬂ
@

ﬂ
$

H
8
"
!
*

$ f

GM@
4
J

0 D!

*
" @
!
@
!Mﬀ
CG"6$(
!)!
ﬂ

ﬂ80

ﬀRD!)0/!

D!ﬃ!
&$
7ﬂ /&!
&$
J 
"
$
ﬂ
@
!)0


@
!
@
!
$ D
D!)ﬀ!
H
 G	"

ﬂ
0
"6$
ﬂ
@
!M"
$
ﬀ(ﬂ

D!

		  
 
@("

 $






4
J

ﬀ
$
0ﬂ0
"
ﬂ
ﬂ

D!
H
"MG%G
!
ﬂ
#"

@1


&

H
!
ﬂ
@("
SD!ﬃ!
ﬂ
!
ﬂ
 @,
! /Fﬂ
G"

*
f
4
=
ﬁ4
E
"6$IG
!
ﬂ

ﬂ(0.!
G
ﬀ
,
! 7
H

H
ﬂ

D!
@
!
G
!
H
"

ﬂ
 G$
H

ﬂ
"
 !
 @,
ﬂ
@
!

ﬂ
H
ﬀ
ﬂ
"

@
!
ﬂ
/
G
ﬂ
ﬂ
D!)ﬀ!
H
 G	"

ﬂ
0
"6$
ﬂ
$#
"6$
ﬂ

/
"

ﬂ
$(
ﬂ(ﬀ8ﬂ
ﬂ
D!
@
!
ﬂ
D!/D!(!)0/!

ﬂ4ﬂ
ﬂ(0
$
ﬀTD!
ﬂ

2
$	ﬂ


<


/&!
H
&$
0
"
ﬂ
ﬂ
$
 ﬁ !

#!
&$
ﬂ
!)0Xﬂ(ﬀ!
G"
aﬂ8"
$
!%$
!
/
<

ﬂ
!)0ﬂ(ﬀ!
G"
7ﬂ("
$
!%43E
"6$IG
!
ﬂ

ﬂ80/!
G
ﬀ
c1$IG
!

D!5! D!)ﬀ!
H
 G	"

ﬂ
G
!
H
"

ﬂ
 G$
ﬂ

ﬂ
$ 
"6$
ﬂ

/
"

ﬂ
$(
ﬂ8ﬀ(ﬂ
ﬂ
D!
@
!
ﬂ
D!/D!!)0/!

ﬂ ﬂ
ﬂ(0
$
ﬀTD!
ﬂ
ﬂ

H
<
H
!

0
$
ﬀ

ﬂ ﬁG!

ﬂ
@("


ﬀ!:0
"
0/!
' G

ﬂ
/&!
G
ﬂ
!
@$G	"
H
!
ﬂﬂ
$
ﬂ
@$	G
!
ﬂ

H
"
0
G
ﬂ
ﬂ
!
 G
!

fﬃ 8
 
~
ﬃ I6f
5
!,+
2"!
!

I6f#ﬃ 8
 
~
ﬃ 3 f
5
!,+
2"!
4%$ !
ﬂ
&$('&
!
ﬂ)(
!/
(
!(!)0/!

ﬂ
"


(
!

(
!d2
(
!
(
!
&
(
!
ﬂ
 1*& ﬂ 
"!
$#

/&!
!
f4 3
(
!/
(
!!)0/!

ﬂ,+
!7ﬂ

ﬂ
ﬂ
0ﬂ0aﬂ(0
$
0
ﬂ
$- . 
ﬀ
(
!)0/!
	
ﬂ
&
!
ﬂ
$
! "

P
"/&
0
(
!)0/!

&
0!
!K"
$
ﬂ
!
ﬂ

+1(
!
!2&
ﬂ

+


ﬂ
ﬀ
3 1*&	
ﬂ!
+4(
!

!
! 
!
$-&

4
*
45$ !
ﬂ

ﬂ

&!)0.!
+
!
+1(
!
!
ﬀ!
!
*
!)0/!

+4(
!
!2&
ﬂ
6!
ﬂ
L
+
!
ﬂ	ﬂ
$
ﬂ

(
!

(
!
ﬂ
ﬂ
L
0
$
ﬀ
(
!
 #"6$-&
ﬀ!
ﬂ7(
!/
(
!(!)0/!

ﬂ

2
$
 #"6$-&8! "
0
 1*&
!
&
ﬀ!
ﬂ
 
!
&
P
"/&
0


!
!
ﬂ8+
!1ﬀ

0
(
!

*
"
+
!
+
!1ﬀ
9&	"6$(
!

/&!
!


ﬀ!
ﬂ +
"

(
!ﬃ!
ﬂ

2
4

ﬀ>
,0 1
ﬂ(
!

(
!
ﬂ
ﬂ(0
$
ﬀ
(
!
 #"6$-&
ﬀ!
ﬂ
&$('&
!
ﬂ
 &	" !
!
ﬂﬂ
$
ﬂ
"
$
ﬂ
ﬂ
"


+
!
ﬂ

ﬂ
(
!
ﬂ
&

0/!
ﬂ
$-&
!
&
ﬀ!
ﬂ
 
!
&
P
"/&
0


!
!
ﬂ +
,
(
!

ﬂ("
$
!
	
2&!
+
!
ﬂ
ﬁ !

ﬂ
 1*&
(
!)ﬀ!
! '&	"
 0
"6$

ﬀ!
ﬂ

ﬂ

&!)0.!
+
!
+1(
!
!
ﬀ!
! *
!)0/!

+
!

!)ﬀ
ﬂ
(
!/
(
!!)0/!

ﬂ +


ﬂ
ﬀ!
ﬂ +
"

(
!ﬃ!
ﬂ
&
(
!ﬃ!)ﬀ(ﬀ!
ﬂ
!
ﬂ



ﬂ (
!
ﬂ
$-&
+
!
ﬂ
"
 ﬁ !

ﬂ
7 ﬁ !

ﬂ
!

ﬀ!
 G"

ﬂ
B
(
!!
&
2
(
!

ﬂ("
$
!
ﬂ
4 $

/&!
&eL
ﬂ
ﬂ
"

+
$ ! "
+
!
+
!
&
!
! "

ﬂ
'&7$.! 
ﬂ
"
4!
ﬂ
  

!

ﬂ0
!
ﬀ
$(
ﬀ!
ﬂ
! "/& &
!
! 
ﬂ
"

ﬂ
*  .&	"/ .&
ﬂ
(
!ﬃ!
ﬂ
4*$

/&!
&
ﬂ
ﬂ
"

ﬂ
$- 
(
!
&
ﬂ!
$-&
!
ﬂ
	
!ﬀ! 7
 

B

,
(
!
	  
ﬂ
!
! "/&
!
+

ﬂ
 #"

	

!
 #"6$-&

!
ﬂ +
"
1
(
!ﬃ!
ﬂﬂ

0
$

(
!ﬃ!
ﬂ
4
	


 
S
GU!G Y HW
S
EXC 'E>_EVY B>?VU 
g

!
$
!


	&"/&ﬀﬂﬁﬃ
!
+
!

,&	"6$(
!

(
!

(
!
! "
 
!ﬃ$0 #"6$-& &
!
! "

ﬂ
'&$ &
!!
!
+
!
ﬂ
1!
&
+
!
ﬂ (
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ
"
#

!
ﬂ
% #"
ﬂ	ﬂ
#

!$
$
!
+
&$'&
!


 
!
ﬂ%+
!
 1*&	ﬂ!ﬃ$

!
ﬂ ﬂ
"%
!
 &
!
! "

ﬂ
'&$
!
ﬂ
!

P
&$
ﬂﬂ
!
ﬃ
!
&
+
!
ﬂ

(
!ﬃ!
ﬂ
! "%ﬃ'ﬃ
!
(
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ
(

*)
&
(
!


!
! '&	"

ﬃ/"6$
!
ﬂ

+1(
!1
! "%ﬃ'ﬃ
!
$

(
!


!
! '&"


(
!
(
!
&
(
!
&
!
! "

ﬂ
'&$
!


+
!
ﬂ

(
!
 1*&+
*ﬃ
(
!
ﬂﬁ"
+
!
+
!

&	"6$(
!
(
ﬀ)$0! "

'& &
!
"
$

P
&$D
(
!


!
! '&	"

ﬃ/"6$
!
ﬂ

+1(
!1
5! "%ﬃ'ﬃ
!
$
(!
 1*&ﬂ!ﬃ$

!
+
!
+
$-&
(
!ﬃ!
+
!,)

!
ﬂ
$
7
ﬂ



!
 #"6$-&


!
&-% &
)&!
!.

!
!ﬃ
"/&ﬀ#ﬃ0/
!
'&
!>7
C21
F
E
1
F &
"3(	(	(
B
+

(
(
!
&
!

!
+
$

(
!


!
! '&	"

ﬃ.
ﬂ

$ 
(
!

(
!
&
!
! "

ﬂ
'&$
! !
4
+
!
ﬂ

(
!ﬃ!
 1*&4

#&"/&ﬀﬂﬁﬃ
!
+
!

0 &	"6$(
!
(
$

ﬂ	ﬂ
" !ﬀﬂ"
 !
'&
!
"
ﬁG!
 &
!
! "

ﬂ
'&$
!
  1*&	ﬂ!ﬃ$

!

(
!
(
!
&
(
!ﬃ!5!
ﬂ

! (#!
! 	$
(
!ﬃ!
+


ﬂ
$

!
8
"
!
+
!
&

"

*65
$ fyf

+4(
!1
 ! "%ﬃ'ﬃ
!


+

ﬂ
	

!
!
+


ﬂ


!
 


87 
!
'&
!

 '&/!
!

ﬂ	ﬂ
" !
(
!ﬃ!
&$ !ﬃ

+

+
ﬀ
(
!


!
! '&	"

ﬃ/"6$
7 !

<
9?;
F

<
9?;
B
!
4

+
&
!
! ﬂ"
 7 !

;9
F

;9
B
+
!

  *&	ﬂ!ﬃ$

!

(
!
(
!
&
(
!ﬃ!
h
*

ﬁ
j
7

6:

 <;

B
o
q 7

6:

 =;

B
o
$
 ! "

+
ﬂ"

+

ﬂﬂ
" !0ﬀﬂ"


)&!
!>
0  1*&	ﬂ!ﬃ$

!

  
0$
ﬂ
 .&	" !ﬀﬁ
!

!

#

!0
$
!
*65
$ fyf

&
(
!
ﬂ
$

!
+
$

! "%ﬃ  &	"%ﬃ'
ﬂ
!
'&
!
ﬂ
	ﬀﬂ
ﬂ
ﬂ

$
! !


$
#
(
!
+
!


ﬂ	ﬂ
" !ﬀﬂ"

(
ﬀ?

ﬂ

"

  1*&	ﬂ!ﬃ$

!

ﬂ	ﬂ
" !
(
!ﬃ!+!
ﬂ
4! "
1
$
!
+
!
@


! "
:
"

ﬃA	

$
!CB 3
D
(
$


6$.&
!:3
(FEG(

ﬃ/"

'&
!


+

ﬂ
'&ﬀ	1$ﬂ"
+!
Hﬃ  1$

ﬂ
"

'&

ﬂ
)&!
&
ﬂ
!
+
!
ﬂ
)
&
ﬂ
!

@
&$D
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ
+


ﬂ


!
ﬂ
 .&" !
!
ﬂ	ﬂ
$
ﬂ
! "

ﬂ

+4(
!
&
(
!
ﬂ
(
E
"6$-&?

!
ﬂ(
!)
(
!(!
ﬃ
!

ﬂ

2
"
"

+

ﬂ
ﬂ

6$
! (!
G
!
ﬃ
!
?

!
ﬂ ﬂ
'&$.!ﬃ$.&
!
ﬂ
/
 
}
~I

!

*5
!,+
!
+
!
ﬂﬀ+
!
$D
(
!


!
! '&	"

ﬂ

$ "


ﬂ
!
&
)
 &$
+1(
!
!

!
!ﬀﬁ
!
ﬃ
!

(
$ !
ﬂ
&$('&
!
ﬂﬀ+

ﬂ
'&J	1$(ﬂ"

ﬂ
ﬂ
"


+1(
!
!2&	"%
ﬂ	ﬂ



!
ﬂ
!
@
"

! ﬂ"

+
!

K#ﬃ  $

ﬂ
"

'&

ﬂ
)&!
&
ﬂ
!
+
!


(
!


!
! '&"

ﬃ/"6$
"

)&!
! $
(!
 
!

!L)
*&ﬀ


ﬂ
!

"



!
ﬂ
 .&	" !
!
ﬂ	ﬂ
$
ﬂ
(
 (GeV/c)TTrue SEM : p
0 2 4 6 8 10 12 14 16 18 20
Ev
en
t d
en
sit
y (
log
.)
-310
-210
-110 ΨJ/ b b→Z
c c→Z
 20≤T p≤QCD 10
 40≤T p≤QCD 20
 (GeV/c)TFake SEM : p
0 2 4 6 8 10 12 14 16 18 20
Ev
en
t d
en
sit
y (
log
.)
-410
-310
-210
-110
ΨJ/
b b→Z
c c→Z
 20≤T p≤QCD 10
 40≤T p≤QCD 20
 
3
(FEG(
 NM"
!
ﬀ  1#ﬁ	 ﬃ   ﬃ# "

	 1 

 ﬂ
1LO 
  ﬃ 	 
!
  #$


ﬀ

 %
!

0


O ﬃ


	 
!
 ﬁﬂ#


ﬀ

4O 


0
" 

PO Q  

 "  
!
ﬀ


&
$ !
	-

!
&$
3
(

&
(
!
 
!
&	G"/&ﬀ
!


! 
"%ﬃR &
!
ﬃ/"
&!
+

(
!


!
! '&	"

ﬂ%+
!
1
ﬂ
ﬃ/"%ﬃ
!
 '&

ﬂ
)&!
&
ﬂ
!
&
!
! "

ﬂ
'&7$
ﬂ
ﬂ3
 1*&
(
!)
(
!(!
ﬃ
!

"
!
@
"

! ﬂ"

+
$  .&	" !
!
ﬂ	ﬂ
$
ﬂ
"
!

+
!


!
$-&%! "%ﬃ  %"
ﬂ
ﬂ"
/!6)
&
ﬂ
!

@
&$D
(
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ
(
E
"6$-& 

!
 .&	" !
!
ﬂ	ﬂ
$
ﬂ

2

!
@
!
"

(
ﬁ
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ9ﬂ
"

 &
!
! "

ﬂ
'&$
ﬂ
!
ﬃ/"
&!(!
"
!

ﬂ
"

 
ﬂ	ﬂ
" !
(
!
ﬂ
+


ﬂ

!/&

+
!
ﬃ.
ﬁ
"/&ﬀ
(
!
+
!
ﬂ
!ﬃ
ﬂ
7
Hﬀﬁ


B
/$
6)
&
(
!


!
! '&	"

 .&"
)&!



+
$

2
(
E
*& ! "

'&
!
"
+


ﬂ
$

! )
&	"
(!
ﬃ
!
4ﬁ
+
&	"



$
!
ﬃ4$
ﬂ
ﬁG!

ﬂ
"


!
ﬂ (
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂﬂ
"


+


ﬂ

*ﬃ.
ﬁ
"/&ﬀ
(
!
+
!
ﬂ
!ﬃ
ﬂ
7
9 H
f

B

ﬂ	ﬂ
" !
(
!
ﬂ
/
+
!
ﬂ
 1*&ﬂ!ﬃ$

!
ﬂ
&$('&
!
ﬂ

$
!
+
!*)
&
ﬂ (
!


!
! '&"

ﬂ
(
E
"6$-&'

!
ﬂ (
!)
(
!(!
ﬃ
!

ﬂ
ﬂ


<
 
)&!
!:&$
ﬃ/"%

ﬂ
$
 ﬁG!
!
!
&$
ﬂ
!
ﬃ'#

!
 1G"



$
!
"

(
3
(
!


!
! '&"

ﬂ
ﬃ/"6$
ﬂ ﬂ
"

 &
!
! "

ﬂ
'&$
ﬂ
&$ 
#
!
$
+
!

(FE

(
!
(
!
&
(
!
ﬂ
"

)&!
!$

	&$D
+
!
 $-&
!

(
!I!0)
&
ﬂ,(
!


!
! '&"

ﬂ
ﬃ/"6$
ﬂ +
!
*
f

(
$ !
ﬂ
!2&ﬀ /
!
&
!
ﬂ

		  
 
"6$ 





ﬂ
$-&4
 K
+
!
ﬂ

!ﬃﬀﬂ"

+
!
ﬂ,(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ
ﬃ/"
+

!
 
  1$-&
!

(
!
+
!
)
&
ﬂ (
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ
(
$ ! 
"%ﬃA.&
!
+
!+)
&7
ﬂ (
!


!
!2&	"

ﬂ
ﬃ/"6$
ﬂ +


ﬂ


!
ﬂ
ﬁG!

ﬂ
=
&$%ﬃ
!

!
+
! 3 f

ﬂ
K#

!
ﬂ

+
! 
$
#
(
!


		 
 
"

"/&
ﬂ

$
!


! 
"%ﬃR &
!
+
!
@
&$D
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ
!
ﬂ
ﬃ4$
ﬂ  
H
(
!
 1*& $

@
/! 
!
$-& !

! )
&	"

(
=2!
!ﬀﬁ


!
ﬃ
!

+
!
 $-&
!

(
! )
*&J
!
+
!

0 ﬃ
8!
ﬃ
!
@


! "

+


ﬂ


!
ﬂ8+
!
$D7 *&	ﬂ
!
ﬂ8+
$ !ﬃ
"/&ﬀHﬃN/
!
'&
!
(

# 
3
(
 
	 G


 	



	






	    	 
 
	
 
 




   
 !
	


    



	
 
	 



	

 

 












	   	 
E
&	" !
!
ﬂ	ﬂ
$
ﬂ

"%ﬃA.&
!
ﬃ."
&!
+

(
!


!
! '&	"

ﬂ 
&/! ﬂ"

+
!,)
&
ﬂ 
&7/! ﬂ"

+
!
@
&$D
ﬃ/"6$
ﬂ
&
!
! "

ﬂ
'&$
ﬂ (
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ
7 

B
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ
7 

B

2

(
IH Hﬀﬁ

 5


E

H(5



 =
<
=

(
IH
3 <
5
 3
*

E
5
 3
 =N
ﬀ
ﬃ 8
4ﬂﬁ
ﬃ
E
 
(FE
H
E

ﬁ 5

E
Hﬀﬁ

 5

E
 =N
E

ﬃ 8
4
ﬁ
ﬃ 3
 
(

E

 5

 Hﬀﬁ
 3
5



 >
<
>

(
H
<
 5

E
H

H 5

E
$ !
	- 

!
&$
3
(FE
ﬃ/"

'&
!


!


 
!
+
!
 1*&	ﬂ!ﬃ$

!
ﬂ

ﬂ	ﬂ
" !
(
!ﬃ!
ﬂ
&$D
@
&$D
(
!


!
! '&"

ﬂ
ﬃ/"6$
ﬂ
&
!
! "

ﬂ
'&7$
ﬂ
(
$ !
$-& &
(
!
 1*&	ﬂﬂ"
:(!
+4(
!
 
!
+


+
$  .&	" !
!
ﬂ	ﬂ
$
ﬂ
! "

ﬂ

+4(
!
&
(
!4

+
!

0 &
(
!
%"

+
$ !ﬃ
"/&ﬀ#ﬃ0/
!
'&
!
(
$
6/&7

+
!
ﬃ.
ﬁ
"/&ﬀ
(
!
+
!
ﬂ
@
&$D
(
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ ﬂ
"

=
ﬂ	ﬂ
" !
(
!
ﬂ
/
+
!
ﬂ
 "

ﬂ
"6$

ﬀ"

ﬂ
!ﬀﬁ*&ﬂ
(
!
ﬂ
7 
*


B
(
' )
 &"

ﬀ


+
!
ﬂ
@
&$D
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ4ﬂ
"


+
!
ﬂ
 .&"&G"

ﬂ6+
!
@
	

!
Hﬃ  1$

ﬂ
"

'&

ﬂ
)&!
&
ﬂ
!
7
 ﬂﬃ
~
I
E

* 5
!,+
2"!
!
ﬃ/"
&!(!
B
(
$ !
ﬂ
E


&
!
ﬂ
	


"
+
!
ﬂ
 1*&	ﬂ!ﬃ$

!
ﬂ
!
$('&
!
ﬂ
& !
0C

"
&
(
!
ﬂ
$

!

+

ﬂﬂ
" !0ﬀﬂ"

ﬂ
/! !
+
!

!

H

!
ﬂ
!
'&
!
'&/!
!!

+1(
!
 
8
"&
+

(
!!
&ﬂ%
!
(

# 
3
(FE
 
	
 
	 



	


 











	   	 ﬀ 

 	 	 G


 

 


 !6

 
#"
 

 



%$


 
	
ﬀ&
2
&

&
 
&


 

&

 ﬀ&
 

  '&
 (*)

,+.-
/
 


 0 21
3 
E
5

ﬁ

3ﬂ465
.&)87%7%9:7 ;
=<,>@?
;
<,>#? =<,>#? <,>#?
3
<,>@? A
3
<,>#? BC<,>#?
;ED
<,>#?
F
,G HI
<,J?
HH
<,J? KL<
#
? KM<
#
? KM<
#
?
#
JM<
#
? JON
%
<,P?
%
N
#
<
H
?
Q=R

A

H
PﬀN
%
<,P?
HTS
N JM<,P?
#&%
N
H
<
I
? PﬀN
I
<
S
? JﬀN PM<,J?
I
N
%
<
H
?
#
N UM<,J?
%
N KL<
#
?
VXWZY
# %@[]\
^_
[
J
% HS
N
%
<
S
?
H
JON JM<
S
? `MN
%
<,J?
I
N
S
<,J? KON KL<,J?
#
JON JO<,J?
#
N
#
<
#
?
[ %
N
#
<
#
?
VXWZY
J
%@[]\
^_
[aS % H
PﬀN
%
<,J?
HTS
N PM<,J? PON KL<
#
?
I
N `L<
#
?
I
N JM<
#
? `MN
I
<
#
?
#
N
SS
<
I
?
[ %
N
#
<
#
?
Q=Rcb
A
b
H
KON KL<
H
?
HTS
N
I
<
H
? UMN `L<,J? PﬀN
H
<,J?
H
N
I
<
#
?
I
N
S
<
#
?
#
N
%
JO<dK?
%
N KL<
#
?
	

de gfEhjikh:l nmofqpsr patufqpvrwi 5xfqfqpvh*xfqf!tytyfqp
$
 "
ﬁG!
! ﬂ
@
!
ﬂ

+
!
! "%ﬃ  1*&
!
&6

!
ﬂ
 
!
&
@
"/&ﬀﬃ 

!
!
ﬂ6+
!

 ﬃ
(
!
ﬂﬁ("
+
!
+
!

 &	"6$(
!
 #"6$-&
+
!
ﬂ)(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ

		 
 
"6$ 





"
!

!
&ﬀﬃ
!
+
!
ﬂ
#



ﬂ
$-& .&$
!

+
!
ﬂ
	

{z !ﬃ

!
!
(
$
.ﬃ
(
!
ﬂﬁ("
+
!
$(ﬂH
#
ﬂ (
!ﬃ!!
ﬂ


 &
!
! "

ﬂ
'&$ ! ﬂ"

+
!

2
+


ﬂ


!
ﬂ +
"

(
!ﬃ!
ﬂ+ﬂ
 
(
!
!0

!
ﬃ
!
  .&
(
!)
$
!
ﬂ
/7!
!
+$
ﬂ
-
!4!

+4(
!
!2&ﬀ
!
ﬂ +


ﬂ


 1*&ﬂ
!}|
(FEG(FEG(d~-(
E
"6$-& &
!
! "

ﬂ
'&$ &
!
+
!
ﬂ

2
"


(
!)
(
!!
ﬃ
!

+
"%
ﬂ
ﬀﬂ
ﬂ
@
&
!


!
ﬂ
! "

+
ﬂ"

ﬂ ﬂ
$
)



!
ﬂ

)
"% &
!
D(/! 
!
ﬃ
!

+
!
$D
(
!


!
! '&"

ﬂ
ﬃ/"6$
ﬂ
&
!
! "

ﬂ
'&7$
ﬂ
z

+

(
!)

!
&A

!
ﬂ
 .&	"
/
!
ﬃ
!
ﬂ +
!
! "%ﬃA

ﬀG"% &
!
"

"/&
ﬂ +
!

 &
!
! "

ﬂ
'&$.! ﬂ"

+
!

6ﬃ.
ﬂ	ﬂ
!

 )
*&ﬀ0


!


 

!
ﬂ +
!
$D
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ.ﬂ
"

 &
!
! "

ﬂ
'&$
ﬂ +


ﬂ


!
!ﬃ
"/&ﬀHﬃN/
!
'&
!
!
!
'&
8 #"6$-&.ﬃ
(
!

#"/&
!
&C

 1$-&
!

(
!I!0)
&
ﬂ,(
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ

 

!
ﬂ8+
!
$D
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ ﬂ
"


+
!
!ﬀﬁ*&ﬂ
!
"/ . #"
ﬂ (
!ﬃ!

 

!
ﬂ
!2&J /
!
&
!
ﬂ +
!A
$
#
(
!
ﬂ
"



$

(
!


!
! '&	"



		 
 
!
+$

(
!


!
! '&"







"
"6$
+
!
$D
(
!


!
! '&	"

ﬂ






 %"6$.& ! "%ﬃ  1*&
!
&4

!
ﬂ
 
!
&
@
"/&Jﬃ.

!
!
ﬂ
(
$
Cﬃ.
ﬂ	ﬂ
!

 )
*&J


!
+
!
!
!
ﬂ +
!
$D
(
!


!
! '&	"

ﬂ
!
ﬂ
ﬀ!ﬃ
!ﬃ$

(
!ﬃ!
/ 1*&	ﬂ &
+
!
ﬂ
 .&"/ .&ﬀ
(
!

(
!
ﬂ +
!
ﬂ
'&/!
!
ﬂ
!


"

/  1*&	ﬂ &
+
!
ﬂ (
!(!
&ﬂ%
!
ﬂ
(
$
 z6$.&
! |
(FEG(
ﬁ
ﬃ/"

'&
!


+

ﬂ
'&ﬀ#1$(ﬂ"
 !
ﬃ.
ﬂ	ﬂ
!

 )
*&ﬀ


!
$(ﬂ#
H
ﬂ


C

 .&" !
(
!
+
$-&
!
+4(
!
!2&ﬀ
!
!
+
!
ﬂ	ﬂ
$
ﬂ
!
ﬀ #"6$-&+

!

"&ﬀ! "%ﬃ  

!

+
!
+
"

(
!ﬃ!
ﬂ
(
=
! "

ﬂ

+1(
!
&

 

!
!ﬃ
ﬂ

)&!
!
+
!
$ D
(
!


!
! '&	"

ﬂ





"
"

+

ﬂ
ﬂ

6$
!
$

@
"

+
#ﬃ  %"/&	




E
 5
~


(
!)
(
!(!
ﬃ
!

ﬂ
B
+


ﬂ

 &
(
!
%"

+
!
1
ﬂﬂ
!
ﬃ 
ﬂ	ﬂ
!


ﬃ
ﬃ



ﬃ|
5
!,+
2"!
B
+
$
!
&$D ! "
 )&!
&
ﬂ
"

ﬂ +
!
 ﬁ("&G"

ﬂ

&
  

B
"
&$ D .&	" !
!
ﬂ	ﬂ
$
ﬂ	
&
!

H

'


<

   
 !
&$D
@
&$ D
(
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ
(
%H$.&R
 z6$.&
!C|
(FEG(
ﬁ
"
"

+

ﬂ
ﬂ

6$
!/(!
G
!
ﬃ
!
4$
(!
#"
ﬂ	ﬂ
!
+


ﬂ

 &
(
!
%"


ﬃ
ﬃ 



ﬃ
E
 5
!,+
2"!
(


H

!
ﬂ
!
&
+
$
!
/A
 &
!
! "

ﬂ
'&$.! ﬂ"

*&	ﬂ{z !
!

#

!
+

(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ

1 
(
!)
(
!(!
ﬃ
!

ﬂ
! )
 &	"

B
"
!

!
+
&
(
!ﬃ!
 1*&$

!
ﬂ
.&$
ﬂ +


ﬂ


!
!ﬃ
"/&ﬀ#ﬃ0/
!
'&
!
+


ﬂ
!
!
G
!
&
(
!
%"

!
(
!(!
&ﬂ%
!0B |
ﬁD
(
'
z

"
"

! "%ﬃ  1
!
E
( 5 H
(
!)
(
!(!
ﬃ
!

ﬂ

2  1*& 
+
!
ﬂ	ﬂ
$
ﬂ
~
1

 5 ﬁ:
(
!)
(
!!
ﬃ
!

ﬂ
+
!
.&$
ﬂ +
!
@
"

+

+


ﬂ


@
!8!
'&
!4!
ﬃ.
ﬂ	ﬂ
!
E


ﬃ
ﬃ




ﬃ
1

E
5
!,+
2"!
B
(
$ !
&* . #"/&	
ﬂ
	



ﬂ
$-&
.&7$
!
ﬂ

+
!
% 2
I
~

H
1
5 

 
 %"6$.& $
(!
ﬂ
#

{z !ﬃ

!
!
+
!
% 2 
I
ﬁ:
(
'
! "

ﬂ

+4(
!
&

$

!
!ﬃ
ﬂ

)&!
!
$

(
!


!
! '&	"



		 
 
!
$

(
!


!
! '&	"







"


!
ﬂ
	



!
ﬂ
 ﬃ/"%

ﬂ
)

ﬂ
	

!

)&!
! % 2
I



|
5


E
!

% 2
 
I
1

(
=2!
ﬂ
!ﬀﬁ
(
&
!
ﬂ>ﬂ
"

 "
!
$
ﬂ
!
$(ﬂH
#
ﬂ


=$
!
@
"

! ﬂ"

+

ﬁ
$
ﬂ

!
ﬃ
!

"

$%6ﬃ/"

'&
(
!
ﬂ

z1- 
##
#
(
!
+


ﬂ

 
!
D  
(
!
&ﬀ
!
!
!
#

#

(
=2!
G
!
@
"

! ﬂ"
 !
ﬂ

@
"/&ﬀﬃ
(
!ﬃ!
+
!


+
!
$D 6&$
ﬂ	ﬂ

!(!
ﬂ

ﬂ

ﬃ
(
!
'&ﬀ

$
!
ﬂ
 #"6$-&A

!
ﬂLﬂ
#

&$D

2
!
 

E
%
B
"
ﬃ/"
+4(
!

#
ﬂ


 
 &
(
!
ﬂ
"%
$ﬂ"

+
$
+1(
!

!
! 
!
$-&
!
4

!
ﬂ
 
!
&	
!
ﬂ +

(
!!
&ﬂ%
!
+
!
ﬂ (
!


!
! '&	"

ﬂ
 1*&.&
!
ﬃCﬃ
ﬂ
'&ﬁ
0$


"
+
!


@
"/&ﬀﬃ
!


:

 
B
ﬁ





ﬁﬀ
ﬂﬃ! #"$"

 
% &
ﬂ '(

 *)
,+.-




#/
ﬂ
ﬂ
ﬃ!0
/
&
0
ﬃ! 

 #""
%

0
/
21
&
0
'(

 
ﬃ
,+.-

$
(!
+
"6$ 

! !
D  #"
(!
ﬂ
!

#

!
+1(
!
!2&	"%
ﬂ	ﬂ



!
"
ﬃ/"
+4(
!

H
ﬂ


 

!
ﬂ
! "

'&ﬀ	$(ﬂ"

ﬂ+
!
ﬂ
@
&$ D
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ
!
4

!
 .&	" !
!
ﬂ	ﬂ
$
ﬂﬁ
&
!

#

'


:354

 6
ﬁ

ﬁ87

29
ﬀ
ﬂ
"$";:


7

29
ﬂ
ﬂ
""
<
!
G
!
! "6$-&ﬂ
!
 
!
&ﬀﬃ
!
 &$
ﬂ	ﬂ

+
 "
!
 &
+
!
ﬂ


@
"/&ﬀﬃ.ﬀﬂ"

ﬂ ﬂ
$-&,

!
+4(
!

!
! 
!
$-&
+
!
'&/!
!
ﬂ
(
$
>ﬃ 
ﬂ	ﬂ
!
+
$
>=
 
ﬂ	ﬂ
$
!
+
!


ﬁ
$
ﬂ

!
ﬃ
!

!
ﬂ

+
!
1>?

|

5 
?


5
!,+
=
!
"

"

! "%ﬃ  ﬀﬂ	

!

)&!
!C
0ﬃ
!
ﬂ
$-&
!
+
!
&
(
!
@
(
!
&
!
!
! B
1
D
ﬃA@CBED
ﬁ
1>?
GF( 5 
?

|
5
!,+
=
!

(
<
"%ﬃ'ﬃ
!
!
!
G
!
ﬃ
!
ﬂ
$-&
! !
ﬂ

!IH#!
! 	$
(
!ﬃ!
/  1*&	ﬂ &
+
!
ﬂ
'&/!
!
ﬂ
"
!
!

7 
!
$
ﬂ
$
(
!
&
!
&
ﬂ
"%

$
!


!
! "
+
!
+
!
&
!
! "

ﬂ
'&$ ! ﬂ"
5(!
 .&
!
+
 
ﬂ

ﬂ	ﬂ
!J
 .&
(
!
!
ﬂ (
!
ﬃ
!

!
! "%ﬃ  1
!


!
ﬂ


ﬁ("%ﬃ."
(
!
(
!CK 


(
!
ﬂ +
$ !ﬀﬁ1ﬃ  ﬃ -

(
!
ﬂ

$
!
"
ﬂ
"%

$
!

KHﬃ  1$

ﬂ
"

+
!
ﬂ
'&/!
!
ﬂ
(!
 .&
!
+
 1
ﬂ
!
! "%ﬃ  
!
! "/& &
!
! 
!
ﬃ
!
 

!IH#!

+
!
.&
!
ﬃ'ﬃ
ﬂ
'&ﬁ
$


+


ﬂ


!
!ﬃ
!ﬃ$

+
!

K#ﬃ  $

ﬂ
"

+
!
ﬂ
'&7/!
!
ﬂ
(
$ !
ﬂ
ﬃ
!
ﬂ
$-&
!
ﬂ +
!
ﬃ.
ﬂ	ﬂ
!
+
$
>=
 /9 1*&	ﬂ &
+

(
!)
(
!!
ﬃ
!

ﬂ +
 ﬃ4$("

ﬂ
)

#
+
!
&7
!
 
9 .&
!
ﬃC /
!
&
!
ﬁ

 #"&ﬂﬁ /
!
ﬂ
!
ﬂ
$

+4(
!
!ﬃ
-
! !
ﬃ.
ﬂ	ﬂ
!
 1*& &* . #"/&	>/ 

)


!
$-&
+
!
&
(
!
@
(
!
&
!
!
!

(
!
6

!
ﬃ
!

(
!

(
!
"
ﬂ
!
&
)
(
! B |

D
(

!
ﬂ
(
!
	$
+
!
ﬂ
! "

!
!
&



4
 ! "
1

ﬂ	ﬂ


!
!
+
$ !ﬀﬁ1ﬃ  ﬃ.-

(
!
ﬂ

$
!
ﬂ
"%

!
"
K 

+


ﬂ
"


!
! "6$-&
ﬂ
(
$

+
!
$ML=/
!
ﬃ
!


@
"/&Jﬃ.ﬀﬂ"
 !
ﬂ
!
*
0*&ﬂ
!
$-&
+
!

7&
(
!
ﬂ
"



!
!
"
 .&	"/ #"/&	ﬂ"
(!

#

!
/N
&
(
!
ﬂ
"%
$ﬂ"

+
!
ﬂ
'&/!
!
ﬂ
 $
ﬂ

$
!

0*
*&ﬀ
!
$-&!

'&J

ﬂ
/
! 
$
!
+
$
>=

!
ﬂ


(
!
%
#	
!
-

!
!

7
N
ﬁ

?
PO

5 
?


5
!,+
#ﬃ 
 
H

$
!
$
(!
&
(
!
ﬂ
"%
0$(ﬂ"
M!
#ﬃ  1$

ﬂ
"

+
!
ﬂ
'&/!
!
ﬂ


 
6
=
 
ﬁ
~
?
FGQ
"
!
/! ! "/&
+

)&!
!,

)


!
$-& ﬀG
!
+
$
!


)2M(e+e-) (GeV/c
0 20 40 60 80 100
 
(lo
g.)
2
N
(ev
t)/
0.0
5 G
eV
/c
-210
-110
1
10
210
310
410
Version P14
1tight 1loose
2tight
)2M(e+e-) (GeV/c
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
 
(lo
g.)
2
N
(ev
t)/
0.0
5 G
eV
/c
210
310
410 Version P14
1tight 1loose
2tight
 
|
(FEG(
O
	
 

LO $	ﬀﬂﬁﬃﬀ !#"$&%' ( ﬂ)$&ﬁ'*,+-ﬁ/.)0ﬃﬀ 12*3ﬁ4"56ﬁ*,+-ﬁ/.)
ﬃ/ﬁ
ﬀ87
*21!/+9
0
:ﬁ
O<;ﬁ=%O3)/ﬁﬁ>4Oﬁﬃ?ﬂ1-ﬁ 'O29%'4ﬃ@;ﬀ* 
7
A?ﬂ&B)ﬂ
ﬀ %DC
E
ﬃ ﬃ
C S
N
I"'*)&+ ,/.
ﬂ
0 ﬀ87
!Oﬃﬀ ﬁ>
0FHG
JI Kﬂﬁ 
L<M-N
<=O
ﬃ ﬃ
?QP
W
L
<=O
ﬃ ﬃ
?ﬁ:Rﬂ1-ﬁ8;(S1-ﬃS/ﬁﬁ> Oﬁﬃ?ﬂ18ﬁ T1-ﬁ= 1-ﬃLO1)UK$O1
F
,G&F


 
6
=
 
ﬁ
E
? PQ
 #"6$-&

!
+
"%ﬃ.
(!
+

(
!(!
&ﬀ%
!
ﬂ
! "

ﬂ

+1(
!
&
(
!!
  #"6$-&
+
!
ﬂ
'&/!
!
ﬂ
!
!
'&

!
ﬂ
(
V


ﬂ	ﬂ
" !

 $

(
!


!
! '&	"

&
!
! "

ﬂ
'&$  1*& $


	&"/&ﬀﬂﬁﬃ
!
+
!
!XW"
(!
/ $

(
!


!
! '&	"

ﬃ/"6$
ﬀY
5[Z

?
~
6
"
#

!
ﬂ
  #"
ﬂ	ﬂ
	 

!
+
 "1
!
 &
+
!
ﬂ


@
"/&ﬀﬃ.ﬀﬂ"

ﬂLﬂ
$-&6

#

(
!
*&ﬀ
(
!M!
'
 &
(
!
ﬂ
"%
$ﬂ"

+
$#!ﬃ:

"/&J#ﬃN/
!
'&
!
(
!


!
! '&	"%ﬃ.-

(
!
ﬂ

$
!
(
$
z6$.&
! |
(FEG(

ﬃ/"

'&
!

Nﬃ.
ﬂ	ﬂ
!
&
!
! "

ﬂ
'&$
!
+

(
!


!
! '&	"

ﬂ
/  *&	ﬂ &
+
$)!ﬃ
"/&ﬀ#ﬃ0/
!
'&
!
(]\

+

ﬂ
ﬂ

6$
!

3! "

'&ﬀ	1$ﬂ"

+
!
ﬂ
5=
 &$(G"6$-&
+
!
ﬃ




9
1
5
!,+
=
!

!

+
!
ﬂ

&$(G"6$.&
+
!
ﬃ



9 F
?

5
!,+
=
!

(
ﬀ 
 
+
!
+
$
(!
@
"

! ﬂ"

+
9^G$
ﬂ

!
ﬃ
!
R6&$
ﬂ	ﬂ

!1(!
 %"6$.& !Jﬁ

$
!
&
(
!
ﬂ
"



!
!L!

+
$
(!
@
"

! ﬂ"

_ 

ﬃ
N
6
ﬁ

ﬃ
 
+
ﬃa`
6ﬂb
 #"6$-&?ﬃ/"
+4(
!

H
ﬂ
!
&4

!
@
"

+
"

'ﬃ.
ﬂﬂ
!
ﬃ
!
ﬂ
$-&
(
!ﬃ!
+
$
5=

!
ﬂ

+
!
1>?
  5c
?

~
5
!,+
=
!

 #"6$-& $
!

*&ﬂ
!
$-&

 
ﬁ

? 1
 5 
?

~
5
!,+
=
!

+
 &
!
! 
!
ﬃ
!

&
!

H
(
!ﬃ!
/ 
 &
(
!
ﬂ
"%
$(ﬂ"

+
$ !ﬃ
"/&ﬀ#ﬃ0/
!
'&
!
(
$
7 .&
!
ﬃ' /
!
&
!
ﬃ
!
ﬂ
$-&
!


+


$
!
$
(!
+4(
!)
ﬀﬂ"
 !

#

(
!
*&ﬀ
(
!
+
$
!ﬃ
"/&J#ﬃN/
!
'&
!
+
!
1>? 1
5 
? 1
Q
+


ﬂ
!
!
+
"%ﬃ 
(!
+

(
!!
&ﬂ%
!
(
<
!

  #"6$-&7
ﬂ
!
'&
+
$ &
!
 1*&>$
(!
+1(
!)
0ﬀﬂ"

+
!
~
 5
~

3:!,+
ﬂ
$-&
6ﬃ.
ﬂ	ﬂ
!
ﬃ
!
ﬂ
$-&
(
!ﬃ!
+
$N%"
ﬂ
"

4
(
$
6ﬃ
!
ﬂ
$-&
!
+
!

9&
(
!
ﬂ
"%
$(ﬂ"

+
$ !ﬃ
"/&ﬀHﬃN/
!
'&
!
!
ﬂ

!
/! ! "/&
+

)&!
!R

ﬂ
#ﬃL$
ﬀﬂ"




ﬃ
6
=
ﬃ
ﬁ
~
PQ
(
)2M(e+e-) (GeV/c
0 2 4 6 8 10 12 14 16 18 20
N
(ev
t)
0
20
40
60
80
100
120
140
160
180
200
Version P14
 1tight 1loose
 2tight
 
|
(FEG(

c	Tﬂdﬃﬀ !ﬁﬃ/18eﬁ> Of9;ﬂ%ﬀﬂﬁﬃﬀ !
Fhg

;ﬂ%ﬀﬂﬁﬃﬀ !) 9ﬁiﬃﬀ 9ﬁﬃ1-ﬁU8ﬃ1-aj% *2 ﬃ/ﬁe+-B&4O3&lk m6ﬁ
 (ﬂ3;
7
&1-n;ﬂ%ﬂﬁﬃo B) 1p/
Jqr
C %
N
#3F

O
	

   imEt np yi 
$
?ﬃ
(
!
ﬂﬁ"
+
!
+
!

ﬀ&	"6$(
!
 
!
&ﬀﬃ
!

+
K
+
!
ﬂ{z
!
&
+
!
ﬂ6(
!


!
! '&	"

ﬂ +
!
1
ﬂ
ﬃ/"%ﬃ
!
9'&7

ﬂ
)&!
&
ﬂ
!
 .&"
)&!



+
!
&
(
!
ﬂ
"



!
!
ﬂ +
!
1
ﬂﬂ
!
ﬃ.
ﬂ	ﬂ
!
(
$ !
ﬂ6(
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ ﬂ
"


+
$

/&

+
!
$(ﬂH
#
(
!
 %"6$.&9"1
!
 &
+
!
ﬂ


@
"/& 
ﬃ.ﬀﬂ"

ﬂ ﬂ
$-&3

!
+1(
!

!
! 
!
$-&

&
(
!
ﬂ
"%
$ﬂ"

+
!
ﬂ
'&7/!
!
ﬂ+
!
1
ﬂ	ﬂ
!
Hﬃ  1$

ﬂ
"


1
Z
 
Z
~

5
!,+
=
!
6
"
&
(
!
ﬂ
"%
$ﬂ"

+
$ !ﬃ
"/&ﬀ#ﬃ0/
!
'&
!
/ 1
ﬂ	ﬂ
!
(
!!
&ﬂ%
!

1
Z
V
Z
~

5
!,+
6
"


ﬁ("%ﬃ/"
(
!
(
!CK 


(
!
ﬂ +
$ !Jﬁﬃ  ﬃ.-

(
!
ﬂ

$
!
ﬂ
"%

(
!
"
K 

+


"

#

(
!
*&J
(
!
+
$ !ﬃ
"/&ﬀ#ﬃ0/
!
'&
!
(

!
ﬂ




ﬂ
!
ﬂ8+
!
 ﬁ
ﬂ


$
!
+
!
 .&
(
!
!
ﬂ
"

"

!

#

!

.ﬃ
!
ﬂ
$.&
!
+
!


ﬃ.
ﬂﬂ
!
+
$0#"
ﬂ
"

4
"
ﬂ
"

 '& /
!
ﬂ +1(
!
 
!
+



!
ﬂ +
!
!
!
ﬂ
&
(
!
ﬂ
$
	ﬀ
ﬂ
(
<
"

!
!
&



 
 
(
!
ﬂ

$
!
	-
!
+
!
ﬂ
^
!

ﬂ
=
"





ﬂ
!
ﬂ
$-&

!
ﬂ8+
"

(
!ﬃ!
ﬂ ﬂ
#ﬃ4$

(
!ﬃ!
ﬂ
6ﬃ/"

'&
(
!R
$
!


!
ﬂ(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ9ﬂ
$- 
!
&  #"
ﬂ (
!
ﬂ
/
+
!
ﬂ
^
!

ﬂ
ﬁ
+
&"



$
!
ﬂ ﬂ
"


!
&
(
!

#
(
! !
ﬂﬂ
!
ﬂ
!

#

!
ﬃ
!

+
!
ﬂ
ﬃ
(
!
ﬂ
"

ﬂ
!Jﬁ*&ﬂ
(
!
ﬂ


(
!

!
&
ﬂ
(

!
ﬂ (
!
	$
+
!
ﬂ



(
!
&J
!
$-&
!
ﬂ
B |

D
"

 ﬃ/"

'&
(
! 
$
!

  1$-&
!

(
!2! )
&
ﬂ (
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ


(
!
	  1
ﬂ ﬂ
$
7
ﬂ



!
 #"6$-&  
!
&ﬀﬃ
!
G'&
!
+
!
+

ﬂ
!2&ﬀ#ﬃC
(!
&
! 7
!ﬃ/!
!
ﬃ
!
!

!
ﬂ
^
!

ﬂ)ﬂ
!
ﬃ'#

!
 G"



$
!
ﬂ8+
!
ﬂ
^
!

ﬂ
ﬁ1
+
&	"



$
!
ﬂ
 1*& 

 .&
(
!
ﬂ
!
!
!
+
$

(
!


!
! '&	"

(
$
$(ﬂH
#
ﬂ
ﬀﬂ"

+
!
ﬂ +1(
!

!
! 
!
$-&
ﬂ +
!
 
!
+ﬂ

+
!
 
!
&ﬂ
!
ﬂ
 
!
$(
+
!
&'/
+

H
(
!
&
!
!
!
&


!
ﬂ
)
&
ﬂ
!

@
&$ML
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ
 1*&$
(!
+

ﬂ
!2&ﬀHﬃ'

ﬀﬂ"

ﬂ
$- . 

(
!
ﬃ
!
	&
!+!
'&
!
(
!


!
! '&	"

ﬂ
!
8 "

ﬂ
(
 	
 
ﬁﬀﬃﬂ !"

 
#
-
$!"!%&'()
	+*
-, .0/
132
546487    :9<;64	>=@? :4BAC4	DAFE G;IH 
$ !
ﬂ +4(
!

!
! 
!
$-&
ﬂﬀ+
!
 
!
+1ﬂ

+
!
 
!
&ﬂ
!
ﬂ
"


(
!

(
!
! "
 
!ﬃ$
ﬂ
 #"6$-& ﬃ
(
!

#"/&
!
&4
9&
(
!
ﬂ
"%
$ﬂ"
 !
(
!(!
&ﬂ%
!
+
!
ﬂ
 1*&ﬂ!ﬃ$

!
ﬂ0(
!


!
! '&	"%ﬃ.-

(
!
ﬂ

$
!
ﬂ
"
+4(
!
/&
+4(
!ﬃ!
 1*&.
  &
(
!
ﬂ
!
!
!
+
$
ﬂ
"%

!
"
K 

+
!
 %"6$.&R

!
5
$

 :J
!
  #"6$-&
ﬃ
(
!

#"/&
!
& 

+

ﬂ
!2&ﬀ#ﬃC

ﬀﬂ"


=
C
(
<
!
ﬂ8+1(
!

!
! 
!
$-&
ﬂ ﬂ
"


+4(
!
!2&ﬀ
ﬂ8+


ﬂ

06 *&	ﬂ
!
1
(
1
(
1
(
ﬀ)$Nﬃ/"%ﬃ
!
>" /$
!
!
G
!
(
!
	$
+
!

(
!

(
!+!IH#!
! 	$
(
!ﬃ!
"
ﬂ
!
$


!
<LKM
(
!
	 !ﬃ
#	.&
(
!
(
$ !
ﬂ
ﬃ
(
!

H"/&ﬀﬂ"

ﬂ1+
!

!ﬃ
(
!
ﬂﬁ"
+
!
+
!

 &	"6$(
!
(!
ﬂ
"


+
"

!
)

0-

!
ﬂ

$
!
 #"6$-&
+
!
ﬂ (
!


!
! '&"

ﬂ
!
!
'&&$ML
N OPN
Z
~
?
~
6
(
$

+

ﬂ
!2&ﬀ#ﬃ'

ﬀﬂ"
 !RQTS
=
C21
ﬂ
!
@
ﬀ 1*&?
*ﬃ
!
ﬂ
$-&
!
+
$
+4(
!
 JW"&
+

(
!(!
&ﬀ%
!
+


ﬂ
!
!
ﬂ +4(
!

!
! 
!
$-&
ﬂ
(
$ !
ﬂ
 "

ﬂ
!ﬀﬁ1*&ﬂ
(
!
ﬂ ﬂ
"

 
(
!
(
!
&

!
ﬃ
!
 &$ ﬃC

#ﬃ4$ﬃ
+
K"


ﬂ
ﬀﬂ"
 !

+4(
!
 #"
ﬂ
!


$
!



$
!
ﬂ
3

K

~
3

K
ﬁ
~-(FE
3:!,+
6
(
$ !
ﬂ
 1*&	ﬂ!ﬃ$

!
ﬂ (
!


!
! '&	"%ﬃ.-

(
!
ﬂ

$
!
ﬂ
"

$

 /
!

#

!
ﬂ
"
"


+1(
!
^ / 


!
&-% 
)&!
!

 ﬃ.ﬀﬂ /
!
&
!
+
$
ﬂ
"%

(
!
"
K 

+
!

"/&
ﬂ

$ 
!

#

!
ﬂ
&
!
! "

'&
!
.

!
<UKM
(
$
>
!
&ﬀ
!
(
!


!
! '&	"%ﬃ.-

(
!
ﬂ

$
!
ﬂ
!
ﬂ

+4(
!
^ /
+4(
!)&!

"/  
(
!ﬃ!



!
+1(
!
 W"&
+

(
!(!
&ﬂ%
!
+


ﬂ


!
<UKM
)
*&J
!
ﬂ
!

"



(
!(!
&ﬀ%
!
+
!

  1*&	ﬂ!ﬃ$

!
(
K

$
ﬂ
 &
(
!
!
ﬂ (
!
ﬃ
!

"


(
!(!
&ﬀ%
!
ﬃ
!
ﬂ
$-&
(
!ﬃ!
+


ﬂ


!
<UKM
!
ﬂ
  .&	"/ #"/&	ﬂ"
!

#

!
/ 

(
!(!
&ﬂ%
!
+
!

  *&	ﬂ!ﬃ$

!
 1$
ﬂ

$
! 
"6$
ﬂ
! "

ﬂ

+1(
!
&	"

ﬂ +
!
ﬂ
 1*&ﬂ!ﬃ$

!
ﬂ +
!
&
!

ﬀﬂ
)&!
ﬃ
!

@
	

!
(
!(!
&ﬂ%
!
"


@
(
!
&J
!
$-&
!
/
~

5
!,+
"

"%

+
$
ﬂ
!
$#

+
!
ﬂ
ﬀ	$-&ﬀﬂ"
 !
(
!(!
&ﬂ%
!
+
$
<UKM
(
$
 z6$-&
! |
(
1
(
F
#
#
0$
ﬂ
'&
!

0! "/& &
(
!

ﬀﬂ"
 !
'&
!


(
!(!
&ﬂ%
!)
&
!
+
!

  1*&	ﬂ!ﬃ$

! !
0

(
!(!
&ﬀ%
!
&
!

! "

ﬂ
'&$
!
+


ﬂ


!
<UKUM
 #"6$-&
+
!
ﬂ (
!


!
! '&	"

ﬂ
!

+
!
ﬂ
 "

ﬂ
(
<
!
ﬂ +
!
$ML

$

ﬂ
(
!
ﬂ4ﬂ
"

 &
!

#
(
!ﬃ!
ﬂ
 1*&

V
9DV
<
ﬁ

F
?
|
5 
?

6
7
~
XW:Y-V[Z]\+^T_

 #"6$-&
+
!
ﬂ3(
!


!
! '&"

ﬂ
!

V
9DV
<
ﬁ

?

|

5
?

~
5
!,+
 #"6$-&
+
!
ﬂ
 "

ﬂ
!Jﬁ*&ﬂ
(
!
ﬂ
(
<
!
 
!
+



"
 #"6$-& $
(!
!
!
&		
!
(
!!
&ﬂ%
!

(
!
(
!
&
(
!ﬃ!
"

0
+

ﬂ
'&ﬀ	$(ﬂ"
.!
(
!!
&ﬂ%
!
&
!
! "

ﬂ
'&$
!

$
!
@
"/&ﬀﬃ
!
 %"%
ﬂ	ﬂ
"


!1(!

)&!
!L$
!,
$
!
$
!
+
!
+

ﬂ
'&J	1$(ﬂ"

(
!
ﬂ &
(
!ﬃ!
/'/&

+
!
(
!(!
&ﬀ%
!
(



ﬂ


!
+4(
!

!
! 
!
$-&

KM
"
!
!
G
!
+

ﬂ
!2&ﬀ#ﬃC

ﬀﬂ"
 !
ﬂ
ﬃ
(
!

H"/&
(
!ﬃ!
 1*&4
9^G"6$(
+
$
(!
 


$
!
+
-
ﬂ
"/& 

!
$-&
!
 
"%ﬃA
!
'&
!


!
ﬂ
E
L
E
! "6$.!ﬀﬁ
!
ﬂ6+
!
ﬂ
!

ﬂ#
#
0ﬀ
!
$-&
ﬂ


!
ﬂ (
!


!
! '&	"

ﬂ6+1(
!
 %"
ﬂ
!

+
-#"/&
+
$
 3

K
+


ﬂ

  .&
!
ﬃ'/
!
&
!
! "6$ !ﬀﬁ
!
"
 $
ﬂ

+
!
&ﬂ
!
! "%ﬃ'ﬃ
!
!
!
/
ﬂ
!
+1(
!)&!

"/ . 
!
&
+


ﬂ

-
ﬂ
"/&ﬂ
!
$-&
(
V

#

!



!
&-%

)&!
!?

+
!
$ML=/
!
ﬃ
!
! "6$.!Jﬁ
!
@
"/&ﬀﬃ.

'

ﬂ
($

+4(
!
 W"&4 
$
ﬂ

0*&ﬂ
!
(
$ !
ﬂ
 ﬁ("&G"

ﬂ
"
(!
$('&
!
ﬂ (
!


!
! '&ﬀ

$
!
ﬃ
!

"

K


!
&-%
ﬂ	ﬂ
!
8 1
ﬂ

)&!
!A

!
ﬂ
!

ﬂ#
#
ﬀ
!
$-&ﬃ 
ﬂ

6
!
&ﬀ
!
ﬂ
!
+4(
!)&!

"/ . 
!
+


ﬂ

-
ﬂ
"/&ﬂ
!
$-&
!
?

ﬂ
	

:
	$-&
!
+


ﬂ


+
!
$ L=/
!
ﬃ
!
! "6$.!ﬀﬁ
!!
ﬂ
$
+
!
ﬂ

$
!
/6!
!

#

!
+
!
ﬂ (
!


!
! '&	"

ﬂ
(
V

z

"


!
ﬂ
 "

ﬂ
!Jﬁ*&ﬂ
(
!
ﬂ


ﬂ	ﬂ
!


E true (GeV)
2 4 6 8 10 12 14 16 18 20
CP
S 
cl
us
te
r E
ne
rg
y (
Ge
V)
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
Poisson fit
Gaussian fit
E true (GeV)
2 4 6 8 10 12 14 16 18 20
CP
S 
cl
us
te
r E
ne
rg
y (
Ge
V)
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
Poisson fit
Gaussian fit
 
|
(
1
(
Fp  lﬃ*= O1 ">% 1-ﬁ>ﬃ
g
MH.JI mﬂﬁ +O2 %ﬀ;lﬃ*= 
(ﬃﬀ O3 U8ﬃﬁﬂ19% S;ﬂ%ﬂﬁﬃo !
ﬀ87
J*219/+!
0
ﬁ UK !
ﬀ87
!Oﬃﬀ eﬁ>
0jF
1 ]Iﬂ mﬂﬁ !$O R18ﬁ>B&!ﬁ *21-=!m6ﬁ U8  9=!m	  !ﬁT;ﬁ8;1-ﬁ% Q;(
F G
 
j%1-ﬃ
B) 

9lLO2/&Oﬁﬃ/?ﬂ1-ﬁ 9)ﬁ ﬃ>UKﬃ@;ﬂ!ﬁ8;(
FHG
]?ﬃ/ﬃ$O ﬃﬃﬀ18ﬃ/ ﬃﬃﬀU8 O39ﬁ
7
4%'&%'ﬃ*318ﬃ$O3POﬁﬃ?ﬂ18f
ﬁ !
7
6$
	8O3]%'+91-ﬁ>1-ﬃ
F

6ﬃ W
!
ﬃ
!R
$1

ﬂ
(
!
+

(
!(!
&ﬂ%
!
+


ﬂ


!
ﬂ +
!
$ L ! "6$.!Jﬁ
!
ﬂ
(
$ !
ﬂ
 1*&	ﬂ!ﬃ$

!
ﬂ (
!


!
! '&	"%ﬃ -

(
!
ﬂ

$
!
ﬂ
 .&"
+
$
!
ﬂ +


ﬂ


!
ﬂ
! "%
#
#
ﬂ
"

ﬂ +1(
!
 %"
ﬂ
!
$
(!
 1*&	ﬂ
!
+
!


!
$-&
(
!(!
&ﬂ%
!
+


ﬂ


!
ﬂ
"%

(
!
"
K 

+
! !
6

!
ﬂ
 1*&	"%
ﬂ +
$!2&&"
ﬂ
	ﬀ

ﬂ
"%
|
A
` &$ G"&	

6

)



+
K


!
&-% &/
)&!
!

Nﬃ.ﬀﬂ/
!
&
!


ﬂ
'&7$ﬃ
!

(
!ﬃ!
+
$
+1(
!

!
! 
!
$-&
(
$

(
!


!
! '&	"

 
"/&
ﬂ
 
!
&
+
$ 
!
&$.! "6$- 
+
!
ﬂ
"

(
!!
&ﬂ%
!

)



+
ﬀG
!


+
&
!


!
!ﬃ
"/&ﬀ#ﬃ0/
!
'&
!)!
$

!
ﬂ
! "/& &
!
! ﬂ"

ﬂ'ﬂ
"


+
&$	

Lﬃ/"%

ﬂ
 &
(
!
!
ﬂ
!
ﬂ

$
!

 
(
!!
&ﬂ%
!
 
!
&
+
$
!>!
ﬂ

/&

+
!
(
$
, .&
(
!
ﬂ
!
!
!
+
$
<UKUM
!
'&
!

Hﬃ.


!
,
 1*&	"%
!
LH
!
&
(!
+
$0!2&&"
ﬂ
	ﬀ  
!
&ﬀﬃ
!

+
!
@
 &
!


!
ﬂ
 .&
!
ﬃ' /
!
&
!
ﬂ
ﬃ
!
ﬂ
$.&
!
ﬂ +
!

, #"
ﬂ
ﬂ"
 !

+
!


(
!(!
&ﬀ%
!
+
!

, 1*&	ﬂ!ﬃ$

!
"
!
!'
$  
!
&ﬀﬃ
!

+
* . 
#

$
!
&
+
!
ﬂ
! "/& &
!
! ﬂ"

ﬂ
!
(
!!
&ﬂ%
!
ﬃ/"%

+
&
!
ﬂ
!

+
!
&
(
!
+
$ &
!


!IH#!

+
!
ﬂ


!
!
&	ﬂ	$
+
!
ﬂ ﬂ
$-& !
!
ﬂ
! "/& &
!
! ﬂ"

ﬂ
(
	+*
 .  
1
 R;9 I?
1
 4@9 487G=(/
1
 7G;IEﬃ7 R?#9	 4% 
2


(!
 1*&	ﬂ!ﬃ$

!
!Jﬁ*&ﬂ
(
!ﬃ!
'&
)&!
&
ﬂ


A

!
+4(
!

!
! 
!
$-&
+
!
 
!
+ﬂ

+
!
 
!
&ﬀ
!
ﬂ
!
!
'&

!
ﬂ

+1(
!

!
! 
(
!ﬃ!
 1*&+

 .&
(
!
ﬂ
!
!
!
+
!

$ﬃ' /
!
&
!
+


ﬂ


!
ﬂ
'&"%
ﬂ (
!
	-
!
ﬂ
L
Q
$
Q )
+
!
z.&
!
ﬂ2ﬂ
!

ﬂ#
#
0


!
ﬂ
(

 )&!
&
ﬂ
!
ﬃ
!

"


+
"

(
!ﬃ!
+
!
'&	"%
ﬂ
z.&
!
ﬂ +


ﬂ


!
ﬂ
'&	"%
ﬂ,(
!
	-
!
ﬂ
L
Q
$
Q )
 
!
&ﬀﬃ
!

+
!
&
!
! "

ﬂ
'&7$ &
!+!
'&	"%
ﬂ +
#ﬃ
!
ﬂ
"

ﬂ


!
 #"%


+
K



!
&/! ﬂ"

(
<
!
 
!
+



"
 
$
ﬂ

!
$-&
ﬂ
z &
!
ﬂ +
!
   
!
L
Q
$
Q
"6$
)
ﬂ
"

 G"6$.!Jﬁ
(
!ﬃ!
ﬂ +


ﬂ
$

ﬃ W
!
ﬃ
!
(
!)
(
!!
ﬃ
!

"
ﬃ
!


I

ﬂ

+
!
ﬂ +1(
!
 W"&
ﬂ
@


9W"%ﬃ
!
ﬂ

#
(
!
ﬂ
/0
Nﬃ.&$
)

ﬂ
!
! "%ﬃA


ﬂ
"

+
!
ﬂ +

H
(
!
&
!

!
ﬂ
z.&
!
ﬂ
(


ﬀﬂﬁ
ﬃ
! 
&#"%$'&)(
!
ﬂ

+4(
!
z

  1*& $
!
ﬂ
!
ﬃA

!
+
!
 #"%


ﬂ +
K


!
&
ﬂ
!
! ﬂ"

+
!
z &
!
ﬂ
L
Q
$
Q )
+

(
!(!
&ﬂ%
!
ﬂ
! "%ﬃ  ﬀﬂ	

!
ﬂ
!
'&
!!

H

!
ﬂ
!

+
^	/!
!

!
ﬂ
"
&
!
!2&
(
!


+

ﬂ
 $

+1(
!
 W"&
+

(
!!
&ﬂ%
!
+
!A
$
!



$
!
ﬂ
!
!
ﬂ#ﬃ0/
!
'&
!
ﬂ
+
!
&7 &"

(
$ !
!
!
'&
!
+
$
ﬀﬂﬁ
ﬃ
! 
&"%$*&)(
!
ﬂ
P

!
*& !
!
'&
!
+
!
ﬂ
 #"%


ﬂ +
K


!
&
ﬂ
!
! ﬂ"

+
!
ﬂ
z.&
!
ﬂ
L
Q
$
Q )
"
 %"

+1(
!
&
(
!
ﬂ
 1*&,
 
(
!!
&ﬂ%
!
ﬃ
!
ﬂ
$-&
(
!ﬃ!
+


ﬂ
!Jﬁ

$
!
z.&
!
(
$
0
*&ﬂ
!
$-&
!,+
"6$.-
!
ﬂ
 !ﬃ
!ﬃ$

(
!ﬃ!
! "%ﬃ'ﬃ
!


(
!
!ﬃ*&	 -  
!
+
!
ﬂ +

ﬂ
'&ﬀ#1$(ﬂ"

ﬂ1+

(
!(!
&ﬂ%
!
ﬂ
!/+
"6$0-
(
	+*
 * 1 
1
 ?  I?
1
  R;  R;    32547698;:7<>=7?/@BADC'E
$

+

ﬂ
!2&ﬀ#ﬃ'

ﬀﬂ"
 !
'&
! )
&7
ﬂ
!

@
&$ML
(
!


!
! '&	"

ﬂ
ﬃ/"6$
ﬂ
&
!
 #"
ﬂ
!
ﬂ
$-&*
  .&
(
!
ﬂ
!
!
!
"6$

"

+
$

+4(
!
 W"&
+

(
!(!
&ﬀ%
!
+


ﬂ


!
<UKUM
&$!
+
!
ﬂ	ﬂ
$
ﬂ9+
$

ﬂ
!
$#

!
(
!!
&ﬂ%
!
(
K

$
ﬂ

!
$-&
ﬂ
ﬃ
(
!
ﬂﬁ("
+
!
ﬂ

ﬂﬂ
" !0

.

!
!ﬃ
"/&J#ﬃN/
!
'&
! !
&

!
<UKUM
!
L
ﬂ

!
&ﬃ.
ﬂ
!

H

!
ﬂ
"


(
!

(
!
! "
 
!ﬃ$
!
ﬂ
 #"6$-&
+
!
ﬂ9(
!


!
! '&	"

ﬂ%+
!
ﬁ&$(
!
(
!(!
&ﬂ%
!RB |
F-D
(

(!
ﬃ
(
!
ﬂﬁ"
+
!
"
* . 
!


(
!ﬃ! 

 ﬂGFHJI IK 
ﬃMLGNO! 
&
ﬃﬂ 

PLHQN;ﬃ
"
!
L
ﬂ

!
 #"6$-&		

  #"6$-&
+
!
ﬂ (
!


!
! '&"

ﬂ +
!

ﬂ	ﬂ
!
(
!(!
&ﬂ%
!
"
ﬃ.
ﬂ
!

#

!
+

!
ﬂ


! "
 )
(
!

!

ﬂ%+
!
ﬂ
$- . #"
ﬂ
!
&

$
!


!
!ﬀﬁﬃ  'ﬃ.-

(
!
ﬂ

$
!)
&$(
ESR
/!

!
L 
(
!
&ﬀ
!
$-&
+
$
ﬂ
"%

(
!
"
K T
+
!
"
!

+
!
@
 &
!
+
!
ﬂ
!ﬃ
!ﬃ$

ﬂ
!
L(/! 
ﬂ +
K


!
&
ﬂ
!
! ﬂ"
5!
'&
!
$
(!
'&9^
!
! G"%&
!
ﬁ
(
!

#! "
K T
+


!I!
$


F
!F=
#

+
&
!
"
! " W$(
!
$ML
!

!
ﬃ  
ﬂ +
!
!ﬃ
!ﬃ$

(
<
!
G
!
ﬃ
(
!
ﬂﬁ("
+
!I

!
ﬂ
4 
ﬂ
$ﬂ#
#
ﬂ (
!ﬃ!
 #"6$-&2
ﬂﬂ
" !
!
&>$

ﬀﬂﬁ
ﬃ ! 
&
"%$'&)(
/.$

(
!


!
! '&	"

ﬃ/"6$
"
ﬂ
&$
@
ﬃ
!
ﬂ"
 !
L  
#!
!
(
$


"6$
)&!

#

!
ﬃ
(
!
ﬂﬁ("
+
!
 .&
(
!
ﬂ
!

(
!ﬃ!
!
!
ﬂ
 
0$
ﬂ
&J	&"6$-&
!
$
ﬂ
!
"
G"6$(
!
(
!
	

  
$
ﬂ ﬂ
#ﬃ  

!'!
5 
$
ﬂ
&7* 
+
!
!

!
ﬃ  
ﬂ +

!
L
(
!
!ﬃ$(ﬂ"
 
$
!


!
ﬂ
ﬃ
(
!
ﬂﬁ("
+
!
ﬂ
!
L
ﬂ
	


!
ﬂ
(
V

H

!
$ﬂ#
#
ﬂ
!


!
ﬂ
'&/!
!
ﬂ +
!
ﬂ (
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ
!



!
ﬂ
!
LH'&* #"%

!

)&!
!  .&
(
!
!
ﬂ
"

&$


)&!
&$
+
$
<UKUM
(
V

H

!+!
ﬂ
* . 
!


(
!ﬃ!C

 ﬂGFH7IK IK 
ﬃ

&
H Lu

PLHQN;ﬃ
(
$ !
!ﬃ
!ﬃ$

+
!
ﬂ +4(
!)
ﬀﬂ"

ﬂ
!
Y
+ !

Y
J !
'&
!


+
 &
!
! ﬂ"

+
!

 '&/!
!
&$  %"%


+
!
 
$
ﬂ
 &	" !Jﬁ
!
* . &	" !Jﬁ
!
+O

^
!

+


^
6
!

ﬂ
 #"
ﬂ
ﬂ"

+


ﬂ


!
<UKM

J

ﬃ	
!

+

ﬃ	
6
!
ﬂ

+
"

(
!ﬃ!4!

(!
L
!

(



ﬂ
!
1
ﬂ
!
ﬂ
$-&

!
ﬂ
ﬁ   %"&ﬂﬁ /
!
ﬂ
!
ﬂﬂ
#ﬃ  
#{z !ﬃﬀ'&J!
!
ﬂ>ﬂ
$
)



!
ﬂ 

$ !
ﬂ
'&/!
!
ﬂ
"

 $
(!
'&9^
!
! G"%&
!
ﬁ
(
!

H! "
K T
+


!
/?
K


(
!
&ﬀ
!
$.&
+
$
ﬂ
"%

(
!
"
K T
+
!
!ﬃ*& 

!
!Jﬁﬃ  .ﬃ.-

(
!
ﬂ

$
!
!
ﬂ
$


@
"/&ﬀﬃ
!
(

$
K#ﬃ  $

ﬂ
"

ﬃ
!
ﬂ
$-&
(
!ﬃ!
+
!

 '&7/!
!
ﬂ
!
5! "%ﬃ  
!
"
!
ﬃ/"B
!1(!
"
+
!
ﬂ
 
!
&	
!
ﬂ+

(
!(!
&ﬂ%
!
 1*&3 &
!
ﬃ'ﬃ 
ﬂ
'&ﬁ
$


!

+
!
ﬂ



!
&/! ﬂ"

ﬂ

)&!
!A
6ﬃ.ﬀﬂ/
!
&
!L!
ﬃ/"


+
$
<UKUM
(

$ !
ﬂ
'&/!
!
ﬂ
"

'$
(!
'&9^
!
! G"%&
!
&
!
! ﬂ#
H	
(!
/!

!
LH
(
!
&J
!
$-&
+
$
ﬂ
"%

(
!
"
K T
+
!
!ﬃ*&L

!
!ﬀﬁﬃ  *ﬃ.-

(
!
ﬂ

$
!
&
(
!
ﬂ

+
$
!


!
ﬂ


$

(

$ !
ﬂ
'&9^
!
! G"% &
!
ﬂLﬂ
"

  
!
$
+1(
!
(
!
!ﬀﬁ
!
ﬂa

M'&9^
!
! G"% &
!
ﬁ
(
!

#! "
K T
+


!
+
!

M'&/!
!
 
!
$( W
!
'&
!
&
!
ﬃ 
 
/!
(
!ﬃ!
 *&)$
(!
'&9^
!
! G"%&
!
 1*&7-%"%
H

$
!,
$
!
ﬂ
)$
!
* . .&	"L=Hﬃ.ﬀﬂ"

&$  .&
!
ﬃC
!
& "/&
+
&
!
(
K
"6$-&
$
(!
 1*&	ﬂ!ﬃ$

!4)
(
!
&J{z1

 

!
ﬂ
! "

+
ﬂ"

ﬂ4+
!
+1(
!
!

!
!Jﬁ
!
ﬃ
!


 
ﬀ
1
5
!
=
!
6
"


!
&B&"

+
!
! "6$-& 
1$-&
!
+
!

'&9^
!
! G"%&
!)!
ﬂ

+
 L
@
"%
ﬂ
 
$
ﬂ
/&

+

$
!


!
&B&"

+
$
ﬂ
"%

(
!
"
K T
+
!
"
)

#
+


2

ﬂ
 !
!
G
!
* . .&	"L=#ﬃ ﬀﬂ"

(




ﬂ
  #"6$-& 

ﬂ
$
!
"


!
ﬂ
!ﬃ
!ﬃ$

ﬂ%+

!
LH'&* #"%
ﬀﬂ"

+
!

0+'&/!
!
 1*&'$
(!
 1*&-#"%

!
ﬂ
"


)

- 

!
ﬂ
!
 &
!
ﬃ  
/!
!


!
ﬂ
!ﬃ
!ﬃ$

ﬂ
!
LH/! 
ﬂ
 
$
ﬂ
! " W$(
!
$ L
!

!
ﬃ  
ﬂ +
!
!ﬃ
!ﬃ$

(

$

+

ﬂ
	

!
!
'&

ﬂ
)&!
&
ﬂ
!
+
$
)&!
&
!
L  .&ﬀ#ﬃ.&
!
/ 
L
!

\
J
6
+
$
+4(
!

!
! 
!
$-&
"

"&
(
!ﬃ!
&
V
"
!
ﬂ
'&/
!
ﬂ
 
!
ﬂ
!
 1*& &* . #"/&	2&$,& &"

+
$
ﬂ
"%

(
!
"
K T
+
!
(
<
!
G
!
! "

+
ﬂ"
 !
ﬂ
2G"6$!^ "6$.&
ﬂ
&
(
!

#
ﬂ (
!ﬃ!
!ﬃ*& !
!
ﬂ +

ﬂ

	

!
!
ﬂ ﬂ
"


+
!

 "/&
+
&
!
+
!
&
V
3

?
~
ﬃ'ﬃ
(



!
ﬂ
 
"/&
ﬂ
 #"
ﬂ	ﬂ
	 

!
+
!+
(
!
%
#	
!
& 

!
ﬂ

!
&ﬀﬃ
!
ﬂ8+
 "/&
+
&
!
ﬂ
$- 
(
!
&ﬀ
!
$.&
!
&

V
+


ﬂ


!
ﬂ
!ﬃ
!ﬃ$

ﬂ +

!
LH'&* #"%
ﬀﬂ"

+
!
ﬂ
'&7/!
!
ﬂ
(
$ !
!ﬃ
!ﬃ$

@
"6$.&


!

1(!
L
!

 
!
&Jﬃ
!

+
!
 &
(
!
+
 &
!

, #"
ﬂ
ﬂ"

+
!

K#ﬃ  1/! 
+


ﬂ


!
<UKUM
+

1
!
D-


1
/  1*&	ﬂ &
+
!
ﬂ


@
"/&ﬀﬃ.ﬀﬂ"

ﬂ ﬂ
$-&

!
ﬂ
'&/!
!
ﬂ
!

+
$
)&!
&
!
L  &ﬀ#ﬃ. &
!

+ﬀ

1
ﬁ
+ﬀﬂﬃ
1
:
~
? 1
O:! #"%$
ﬂ

D+ﬀﬂﬃ
1
+ 

? 1
! #"%$
! "
ﬂ
+ﬀﬂﬃ
1
:

?
~
&
6

:('
).ﬁ

|
(
1
(d~
6
-


1
ﬁ

?

ﬂ


ﬁ
O
ﬂﬃ
1
:
-
"%$
:


?
E
1

+
 
"%$
! "
ﬂ
+ﬀﬂﬃ
1
6
)
'
)ﬂﬁ

|
(
1
(FE
6
<
!
ﬂ
@
"/&ﬀﬃ4$

!
ﬂ8+

!
L '&* #"%
ﬀﬂ"

ﬂ
)
"


ﬂ
!
&
)
 &A/  .&
(
!
+
 &
!

  #"
ﬂ
ﬂ"

+
!

  1*&	ﬂ!ﬃ$

!
+


ﬂ


!
<LKM
(
$ !
ﬂ1+

ﬂ
	

!
!
ﬂ
Y
+
ﬁ
+
+*-,
\+^
+
+
9 V
<
!

Y
J
ﬁ
J
+*,
\ ^
+
J
9 V
<
ﬂ
"

$

!
ﬂ
!2&ﬀ /
!
&
!
ﬂ
$(ﬂH
#
ﬂ (
!
ﬂ
 #"6$-&=
ﬂ	ﬂ
" !
!
&
$

Jﬁ
ﬃ
! 
& "%$'&
/.$
(!
'&/!
!
(
K
"6$-&
+
!
ﬂ
)
&
ﬂ,(
!


!
! '&	"

ﬂ
ﬃ."6$
ﬂ
"


!
ﬂ
&
(
!
ﬂ
"%
$(ﬂ"

ﬂ
!
ﬂ
ﬂ#ﬃ
(
!ﬃ!
ﬂﬂ
"




ﬀY
+
6
ﬁ
~
?

E
5
?

|
ﬃ &
+

|
(
1
(
1
6

ﬀY
J
6
ﬁ
E
?
~~
5
?

|
ﬃ'ﬃ

|
(
1
(
|
6
V

#

!
ﬂ9ﬂ
"

&

(
!
=/
!
&
!
ﬃ
!
Lﬃ
!
#
#

!
$-&
!
ﬂ

$
!
!
!

#

!
ﬂ
$(ﬂ#
#
ﬂ



+
&$('&
!
ﬂ
ﬃ
(
!
ﬂﬁ("
+
!
ﬂ%+
* . .&	"L=#ﬃ ﬀﬂ"

ﬂ
B |
F-D
(
$

+

ﬂ
	

!
!
Y
5
9 V
<
ﬁ/.
Y
+

:
Y
J

F
!ﬂ
 *  .&	"/ .&ﬀ
(
!ﬃ!
 #"6$-& 
ﬂﬂ
" !
!
& $

ﬂﬁ
ﬃ ! 
&"%$*&
/I$

(
!


!
! '&	"

ﬃ/"6$  1$
ﬂ

$
!


+

ﬂ
'&ﬀ	1$(ﬂ"

+
!
ﬂ
 #"%


ﬂ
ﬀY
+ Q
Y
J
6
 $
(!
@
"/&Jﬃ
!
&
!

0ﬀﬂ
)&!
ﬃ
!
?6&$
ﬂﬂ

!(!
"
!
!.
$
!4(!
 
!
&ﬀﬃ
!
ﬀ 1
ﬂ
$
(!,)
*&ﬀ-

!
+
! 

+
!


@
"/&ﬀﬃ
!

 

ﬁ

Y
+


:

Y
-
 
'


$
	
z-&
	}|
(
1
(d~

ﬃ'&
	
,

	
+


'&ﬀ	ﬂ
	

Y
5
9DV
<
 -&
+
	,)
&
ﬀ	

@
ﬁML
(
	


	
!ﬂ'&ﬃ

ﬃ

(
$
 &
(
	
%
 ﬂ !"
	
#
	$
.&
Y
5
9 V
<
	


ﬀY
5
9DV
<
6&%
 ? 
E

	
6!ﬂ/& &
	
 '
+
/("
(
	
!)*&
+

	

)
 &ﬃ
E
ﬃ'ﬃ
	
'&
	


	
!
	
'&
	*	
ﬂ#ﬃ
(
		
A

	
!
	
'&
	
ﬃ
	
-&
(
	
+

ﬂﬁ
ﬃ
! 
&/"%$'&
(
$
 &
(
	
%
 ﬂ!
	
+1(
	
 
	

+
 

+
0&+ ﬁ
+

ﬂﬁ
ﬃ
! 
&"%$'&

ﬁ.!)"
	
!ﬂ/& &
(
	

 ,ﬂ-2.
(
	

(
	

/	
&
)
(
	)		
0'&
	$

+
#ﬃ
	


 
	

+

-
6
	


 
+


ﬃﬁ.!
	
Y
+
ﬀY
J
6
(
$
	
!2&ﬀ /
	
&
	
+
.
ﬃ
 ! ,ﬂ 
	
0'&
	
Jﬁ
ﬃ ! 
& "%$'&
	

(
	


	
!ﬂ'&ﬃ ﬃ&
(
	


	
+
."
!ﬂ%ﬃ  &ﬃ%ﬃ'
1	
0'&
	

	)2
!)/! 
(
	3	
 
   -&
	

(
	4	

)
&

(
	


	
!ﬂ'&ﬃ

ﬃ

(


Jﬁ
ﬃ
! 
& "%$'&
	
5
ﬃ
 !
(
	
/"
(
	


	
!ﬂ'&ﬃ ﬃ

2
 
+


ﬃﬁ.!
	
Y
5
9DV
<
 
	
L-!/
	
+
	
 
'|

"

%

Y6
:
"
;
Z
 ? 
~
match R∆True SEM :
0 0.01 0.02 0.03 0.04 0.05
Ev
en
ts 
(lo
g.)
1
10
210
310
ΨJ/
b b→Z
c c→Z
 20≤T p≤QCD 10
 40≤T p≤QCD 20
match R∆Fake SEM :
0 0.01 0.02 0.03 0.04 0.05
Ev
en
ts 
(lo
g.)
1
10
210
ΨJ/
b b→Z
c c→Z
 20≤T p≤QCD 10
 40≤T p≤QCD 20
 oS
|
(
1
(d~
a

e/ﬁﬃ/?ﬂ1-ﬁ 9SDqr87:9;U8 1-ﬃPO3=<(ﬃﬀ?>
7
*21!/+9A@4ﬁmI1CB ;ﬂ%ﬂﬁﬃo !]B) 1-?>
7
?Oﬃo ﬁ>A@
F



	

+4(
	
/&ﬀﬃ$

 
ﬃ
	 

	
+
	

	

	
&L

	
 
	
&
@
/&ﬀﬃﬁ.!
	
+
	

.

 !D,ﬂ
ﬂﬁ
ﬃ ! 
& "%$'&

(
	


	
!ﬂ'&ﬃ*ﬃ
	
E
	
&ﬀﬃ
	
+
	+
"
#
(
	
+
K
+
	
0ﬂ{z !),ﬂ 
	

	
F
	
&ﬀﬃ
	
+
	
&
(
	
%
 "ﬂ
	

(
	

	
&ﬂ%
	
+
	
+
	
(
	


	
!ﬂ'&ﬃ

ﬃ

"

 

04

	
+
	
 LE ^
	
!ﬂﬂ
@

  ﬂ ﬁML
+
	
+1(
	

	
!ﬂ
	
-&

+
	
 
	
+


+
	
 
	
&ﬂ
	
(
  G
ﬂ'H[P


 ﬀﬃﬀJI8KLNM
OQP
<
	
/
	5/	
!ﬂﬂ 
+4(
	
!2&JL

	
 
	
&
@
/&ﬀﬃﬁ.!
	
+
	

 

(
	
 *&,ﬂ
(
	


	
!ﬂ'&ﬃ!  !Jﬁ"*&ﬂ
(
	
"
	
#
	
/  *&ﬃﬂ &
+
	
+
"
(
	)	8
#ﬃ 

(
	)	
	

+
	
+
"
(
	)	
&
(
	)	

#

	
(
$R	
 
	
&
@
/&ﬀﬃﬁ !
	
"

"ﬁ0 /4
 .ﬂ#
#

,ﬂ
+

<UKUM
+
ﬁ


 
ﬃ
(
	
ﬂﬁ
+
	
+
	

 9&ﬃ"
	
"


	
ﬂHﬃ
(
	)	
-& 
 
+


!2&ﬀ#ﬃ'D",ﬂ

. . 

(
	
ﬃ
	
0ﬃ &
	
&
	

 ,ﬂ
)ﬁ	5	
0'&
	
(
	


	
!ﬂ'&ﬃ

	
  

(
SUTDSUT-, V ?XW,YD;?[Z0?[\U]'^I?
1
\`_0aCb`cd
1
4e]\eW
2
]fW ?XZ 9
2
]'^I?
1
\
$

+


!2&ﬀ#ﬃ'D",ﬂ
	RQTS
=:g
1  *&.

	
<LKM
	
 ﬃ
	
-&
(
	)	
!ﬂ%ﬃ'ﬃ
	


	)2
!)/!
(
	
+
	

.
ﬃ
 ! ,ﬂ
+
."
Jﬁ
ﬃ ! 
& "%$*&
/h"
)
&+0
@
ﬁML
(
	


	
!ﬂ'&ﬃ'ﬃ
"
 -&
Y
5
9 Vji
Z

?

~-(
$
	
(
	)
(
	

	
ﬃ
	
0
e
Hﬃ4 

(
	
ﬂH
#

(
	
+
ﬁ

!
	
/
	
 *&ﬃﬂ
	1
0
+1(
	
!2&ﬀ

+
ﬁ


D
ﬃ	
!ﬂﬂ
|
(FEG(FEG(d~-(
$
	
z-&
	*|
(
|
(d~~
ﬃ'&
	
0%!
	=	)2
!)/! 
(
	e	

F
~
@.!ﬂﬂ
+
	
 
i 

	

+
	
O
i 
(
<
	
/
	3	)2
!)/!
(
	
ﬁ%ﬃ
	
0
	

)ﬁ	
!  
i 

 *& !
	6

	


(
	

	
&ﬂ%
	
+1(
	
 

(
	)	
+
ﬁ



	
<UKUM
	
 .&ﬃ/ /&ﬃﬂ"
	

#

	
/8

(
	

	
&ﬂ%
	
+
	

   *&ﬃﬂ!) 

	
 .!
+
	
0
	
"
!ﬂ
+


ﬁ0$ 

R/ "
	
ﬃ
	
H
#

	
-&
	
&
	
!ﬂ

'&.!ﬂﬂ
+

ﬂﬁ
ﬃ
! 
& "%$'&
(
V

#

	
 
 
@
"
	
/
F

Q
 -&
+
	
(
	


	
!ﬂ'&ﬃ

ﬃ
+
	
 
i 
 

	
=
!
(
$

	)2
!)/!
(
	
+
	

 .
ﬃ
 ! ,ﬂ
ﬁ%ﬃ
	

	&	

@
.!ﬂﬂ
+
	
O
i 
 *& !
	,

	

 9 *&ﬃﬂ!)

	
'&+
)ﬁ	
&
/	
 
 

+
	
ﬃ,ﬂ/
	
&
	
/ /&ﬁ
+
O
"
!2&
(
	
ﬁ0
"
	

	
&ﬀ
	
(
	


	
!ﬂ'&ﬃ%ﬃ-
(
	
ﬂ


	
 
 


 *&ﬂ
	 	

+
.! ﬃ'
	
ML&
	
!ﬂ

'& 
	
(
 vrai (GeV/c)e
T
p
0 2 4 6 8 10 12 14 16 18
Ef
fic
ac
ite
0
0.2
0.4
0.6
0.8
1
)ΨElectron isole (J/
)b b→ b-jet (Z∈Electron 
)c c→ c-jet (Z∈Electron 
 light-jets (multijets)∈Electron 
 vraieη
-1.5 -1 -0.5 0 0.5 1 1.5
Ef
fic
ac
ite
0
0.2
0.4
0.6
0.8
1
)ΨElectron isole (J/
)b b→ b-jet (Z∈Electron 
)c c→ c-jet (Z∈Electron 
 light-jets (multijets)∈Electron 
 
|
(
|
(d~~
  
	 2ﬂﬁ-; O3J%  (ﬂﬁ ,O 1-0% 1-ﬁ>ﬃ
g
M
7
1-h<(ﬃo4;ﬂ%ﬀﬂﬁﬃﬀ 0B& 1SU8 18ﬃ qr7 9;
C
N


I mﬂﬁ AO3 
;

>
7
*219/+!A@4ﬁ
;
>
7
?Oﬃo ﬁ>A@
F

	
z
	'|
(
|
(d~ E
ﬃ0
	
0 

		)2ﬁﬀ

ﬀ
ﬂ
	ﬃ
.
ﬃ

ﬀ
 ,ﬂ 
ﬃ
."
ﬂﬁ
ﬃ ! 
& "%$*&
/*" ﬂ
	


	ﬀ
ﬃ ﬃ
!"
Y
5
9DVji
Z

?

~-"
	

@

ﬀ
$#
ﬃ"	
!
i 

	

ﬃ	
O
i 
!'
ﬃ"	
@
ﬁML%ﬂ
	&	ﬀ
ﬃ

ﬃ

(
V
&'&	
ﬁ
ﬃ
	
0
	
0
	

@

ﬀ
$#
ﬃ	
!
i 

	

O
i 
ﬀ
(
&
3ﬃ)#
&*&	ﬃ	&
.
	
$+
	
ﬁ%ﬃ
	
0
	Q	

@

ﬀ
$#
ﬃ"	
!
i 

	

O
i 
)# 

#


	,&

	)2ﬁﬀ

ﬀ
# -ﬂ
	.ﬃ	

	ﬀ


+
ﬀ
$#
ﬃ

Jﬁ
ﬃ ! 
&"%$*&
(
V
&*&	h
0
ﬀﬂ	
!
	

ﬃ
ﬁ0!
&


!
	
$#
	
ﬀ
(
&
/ﬂ
	

	
ﬂ
#
	0ﬃ
ﬂ
	
!

ﬂ
	)	1ﬃ
ﬁ
,&	
<LKM
!(
ﬀﬂ	
!(ﬃ$#
ﬀ

&	3	
,!
&


@
)#2+
&	
"


)ﬁ	
0


,&	 /	
3#
&4ﬃ	

	ﬀ



ﬀ
$#
ﬃ

ﬂﬁ
ﬃ ! 
& "%$*&
(
 (GeV/c)
T
p
0 2 4 6 8 10 12 14 16 18
Ef
fic
ac
ite
0
0.2
0.4
0.6
0.8
1 )Ψ (J/±, K±pi
)b b→ b-jet (Z∈ ±, K±pi
)c c→ c-jet (Z∈ ±, K±pi
 light-jets (multijets)∈ ±, K±pi
η
-1.5 -1 -0.5 0 0.5 1 1.5
Ef
fic
ac
ite
0
0.2
0.4
0.6
0.8
1 )Ψ (J/±, K±pi
)b b→ b-jet (Z∈ ±, K±pi
)c c→ c-jet (Z∈ ±, K±pi
 light-jets (multijets)∈ ±, K±pi
 
|
(
|
(d~ E
  
	 2ﬂﬁ-;O3)%  (ﬂﬁ 'O 1-a% 1-ﬁ>ﬃ
g
M
7
D1- I1ﬂB ;ﬂ%ﬀﬂﬁﬃﬀ  B& 14U8 1-ﬃ]qr
7:9;
C1
N

I Kﬂﬁ AO3 
;

>
7
*21!/+9A@4ﬁ
;
>
7
?Oﬃo ﬁ>A@
F

	
ﬃ(+
& 	
ﬁ
|
(
1
ﬂ
	
 ﬃ
	.&	4	)2ﬁﬀ

ﬀ
#ﬂ
	,ﬃ"	&
.
ﬃ

ﬀ
# ,$# 
ﬃ
.
ﬂﬁ
ﬃ ! 
& "%$'&
/ "5ﬂ
	& 	ﬀ
ﬃ ﬃ
(
K
"
ﬃ	 )
)#

ﬂ
	&	ﬀ


ﬃ

!
)ﬁ	
"ﬁ0
ﬃ	76
=)8

ﬃ	
ﬁ"
ﬃ
ﬃ

+
	
ﬁML
"
	&*&		


"!9ﬂ
	
#
	
"
	
/

PQ
(
K
"
& 	
@
ﬁ L:ﬂ
	&	ﬀ
ﬃ

ﬃ

"
	&*&	&	
;#D
@
ﬂ
	
#
	
"
	
/
~
PQ
(

0!3ﬃ)!)ﬃ$#
ﬃ	
ﬃ<ﬂ
	

=ﬀ
ﬁ(ﬂ>ﬂ
	ﬁ&
ﬂ
	

	



g
1
Q=?
1
6
!(ﬀﬃ,#
&	
@
ﬁ L5ﬂ
	&	ﬀ
ﬃ

ﬃ


ﬃ

ﬀ
#ﬂ
	
/!
ﬂﬁ
ﬃ ! 
&#"%$'&
	
 ﬃ
# 

#Hﬃ=!)ﬃﬃﬁ
	 
 .ﬁ!(
)
ﬁ0

O

Q
ﬀ

	

Q
!"$/
ﬁ&	
@
ﬁML
F
E
  
 
|
(
1  


LP

 ﬃDIK 
ﬁ
	 
ﬃ ﬃ

L

PL N/I
	
N
ﬂﬁ
ﬃ ! 
& "%$*& "

 N

 
ﬁ
 


&
QN	


 

Y6
:
"
;
Z
 ? 
~

K
ﬃ
ﬀﬂ	ﬃ


V
2ﬁﬀ

ﬀ
# -ﬂ
	

Q
6
V
2ﬁﬀ

ﬀ
#ﬂ
	

Q
6
 )#

ﬂ
	&	ﬀ




@
ﬁML ﬂ
	&	ﬀ
ﬃ



6
=)8

|
~
1

~


~

~

?
~

 ?

 <

~
	
).ﬁ
ﬁﬀ O:

1 1>? ﬀ

 ? 1
 <

ﬀ	
).ﬁ

|
 O:

1 & ?
~

 ? 1
ﬃﬂ

ﬂ OF

ﬀ

? F

 ? 1
ﬂ
	&	ﬀ
ﬃ


! 
<
	
/
	ﬃ
#

# #$#
/	#"
)#1ﬁ !ﬃz"
ﬃ	
!(ﬃ$#
ﬀ

& 	

	

	?	

ﬀ


$# ﬃ
	

~

Q
ﬃ	
"
ﬁML ﬂ
	&	ﬀ
ﬃ
$





ﬀ
# ﬂ
	&%
 "
ﬂﬁ('
ﬃ
! 
& "%$*&*)
ﬀ

	
ﬀGQ
!"
&,+ 	

/	-
+
&	ﬁﬃ"	."
ﬁML ﬂ
	&	ﬀ
ﬃ



! 
<
	&
 ﬂ
	
ﬃ)# ,/
	

ﬃ
.!#
0/

	;& 	
<UKUM

	7ﬃ
#

$# 21
	
!
9&	
ﬂ
	&	ﬀ
ﬃ
4ﬃ	
!43"ﬁ/

)
%

ﬀ

ﬃ
#$#
/

	&
51
	
$+
	
ﬂ
	&	ﬀ
ﬃ

1 ﬂ
	
$#
/

	/	4

#


2*

		
0
ﬃ
ﬂ
	

	&
)!!9ﬂ
	)	6 

	
z*1"
	g|2 |2 
~
1


	
0
&,+
# 


	

ﬀﬂ	 ﬃ
 !(
7%	

	
Y$89
Vji$
"
&,+ 	)2ﬁﬀ

ﬀ
#ﬂ
	ﬁﬃ"	 &:+

ﬃ

ﬀ
# ,$#
!"
ﬃ	
 )#


"
ﬁML ﬂ
	&	ﬀ
ﬃ
- 
V
&*& 		

ﬀ


ﬃﬁ0
	;%
 !($#2
ﬃ	
Y$8 9
Vji=<?>
?
>
~

!"
&	
 )#

ﬂ
	&	ﬀ
ﬃ
@

- 
V
 
	

ﬁ
ﬀ
3
	
)
	&*&	
ﬁ21
	
0
	!	

"

ﬀ
$#
ﬃ"	
Y$8A9
Vi
!'
ﬃ	7"
ﬁ L ﬂ
	&	ﬀ
ﬃ



! 

# 

#
)
&	7ﬀ
#
%	

	ﬃB+

ﬃ

ﬀ
# ,$#
Y$89
Vi
Z
>
?
>
~


ﬂ
	&
#)
	 &
 !"
	
-ﬂ
	h	


)#

ﬂ
	&	ﬀ
ﬃ



	ﬀ
"
"
)#2+
&	

	
^
	

ﬃ"	

)#

ﬂ
	&	ﬀ
ﬃ
! 

	
!)!# ﬂ
	
-ﬂ
	 ﬀ
#  ﬂ
	-
,$#
/

	4ﬃ"	

)#
 	

"
ﬁML ﬂ
	&	ﬀ

C

?
0
ﬃ
#
H
ﬂ
	

	
0
	/	&

&	
!ﬃ
ﬀﬂ	ﬃ


J
ﬀ+ 	
;!"
/

#
&	4ﬀ
$+
	

	Q/	 
"!
	
$!
/	
9!
- 
CPS R∆
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Ef
fic
ac
ite
0
0.2
0.4
0.6
0.8
1
Ψ J/∈Electron mou 
b b→ Z∈Electron mou 
c c→ Z∈Electron mou 
 multijets∈Electron mou 
CPS R∆
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Ef
fic
ac
ite
0
0.2
0.4
0.6
0.8
1 ±, K±pi ∈ Ψ J/
±, K±pi b b→ Z∈
±, K±pi c c→ Z∈
±, K±pi  multijets∈
 
|2 |2 
~
1
M 
	 2ﬂeﬁ8;ED2% ﬂ (ﬂﬁ FD 1-p% 1-ﬁ>ﬃ
gBGh7
1- ;ﬂ%ﬀﬂﬁﬃﬀ DB& 1AI mﬂﬁ #D3 qr7 9;U8 1-ﬃ
D3=<(ﬃﬀe?>
7
*219/+!A@4ﬁmI1CB&>
7
Dﬃﬀ ﬁ>A@
;ﬂ%ﬀﬂﬁﬃﬀ 9
F
H

!
/	

&

ﬀ

ﬃ
# $#
ﬃB+

ﬃ

ﬀ
# ,$# 
%
$
ﬂﬁ('
ﬃ ! 
& "%$*&
!" /
7&	
ﬂ
	& 	ﬀ
ﬃ



!
	
W
	

	
ﬃ)!
ﬀ
+)#I1"ﬁ0
 J

	 

&
$#
	

ﬃ"	 ﬃ	-
ﬁ
ﬃ"	
 ﬁ


# 

" ﬂ
	&	ﬀ
ﬃ 
	ﬀ


# !(
&


ﬂ
	
03
ﬃ	
ﬃ	1&
 
	 	
F
ﬃ

ﬀ
# ﬂ
	
ﬁ
<LKM
 

	
ﬃ(+
&	
ﬁ
|2 |
ﬂ
	

	 &	$	)2ﬀ

ﬀ
#-ﬂ
	 ﬃ	

	ﬀ



ﬀ
$# 
ﬃ	1&


ﬂ
	
03
ﬃ	 ﬃ"	&
 ﬃ
	
)
	

ﬃ	Q


	


# 

ﬂ
	&
#)ﬂ
	)	


	ﬀ
Y$8A9
Vi
Z
>
?
>
~
 

	
!
	

"
)

ﬁ
ﬀﬂ	 ﬃ	 &


ﬂ
	
03
ﬃ	=ﬃ	=&
ﬃ
	


ﬂ
	&
#)ﬂ
	)	
!(7+(!!)ﬃ
%

&,+

&
1ﬁ)#03
	 ﬀ &

ﬃ
#
/

	

0
&	1
#

ﬁ
	



	


+3
	 ﬃK+
ﬂ
	

ﬂ
	

	-	
0
L

&
$# ^
	

ﬀ	
 ﬂ
	ﬃ
#
ﬃB+
"
"

ﬀ

	


"! ﬂ
	
#
	
"
%

~
>
)


	ﬀ
"
	
!
	
ﬃ
	

	&
,$#

	ﬃ	
~
>
Q
ﬃB+
ﬂ
	

ﬂ
	

	-	

6
=)85)


	
(!!)ﬃ
ﬃ		)2ﬁﬀ

ﬀ
#ﬂ
	 M
:N
O
6M
:P
#Q
~
>

)*R
ﬁﬀ
>
6
F
1
  

|2 |
7  
LP ﬃ IK  

 N;ﬃ 	
'
PL,QN#IK 
ﬁ

 ﬂGFJI IK 
ﬁ

 
'
! 
M
 

B ﬂ IK 
ﬁ
 JGFJIK IK 
ﬁ
 
'
! 

ﬃ ﬃ!

L 7 
' "%$*&
M 
  
"


 

Y6

"
Z
>
?
>
~ﬀ
M ﬁ
 
 ﬃ
 Iﬂ 
0
NL


ﬃ
 
ﬁ

  


L
ﬁ
LG 


'

'
N! 

 ﬂN  

 
N  I"


QL#
'$
QLNﬃ
'
N %	&J ﬂ'> 

QNﬃ 	
'
LP



ﬁﬃ
 JGFJIK IK 
ﬁ
 
'
! 

M
  
"
 
ﬃ *I( 
0
NOL


ﬃ
 
ﬁ


  


L
ﬁ
LP 


'

'
N) 

 
N  

 
NO'I"


 L*
'+
 LN;ﬃ
'
N %	&J ﬂ,> 

QN;ﬃ
	
'
LP



ﬁ

 ﬂGF JIK IK 
ﬁ
 
'
! M ﬂ

ﬃ ﬃ

L .-
='
N
ﬂﬁ('
ﬃ ! /
"%$*&

K

ﬀﬂ	ﬃ


M0ﬁ
 

Q
6
M0ﬁ
 !
"

Q
6
6
=)8 F
|
? 1
 >
? ﬀ

?
|  >
? 1
N
   O &
? O
 >
?
|
11>? 1
 >
?

 <

~
>

)*R
ﬁﬀ
>
ﬀ
|
?
>  >
?
~ ~
?
~
|# >
?
>
1
 <

ﬀ
>

)*R

| > ||
?
~
 >
?
~
1>? ﬀ
>  >
?
>
1
N
ﬃﬂ

ﬂ

|
? F
 >
? ﬀ O ? F
 >
?
~
!
ﬃ/	ﬃ	
1
 
ﬀ
%

1
>
)
ﬀﬂ	F/
# 
	
!ﬂ
	/	
0
	
"
	


ﬂ
	&
# ),$#
ﬃB+
"
"

ﬀ

	
"
~
>  
V

ﬃB+
ﬁ
	

	

	
)
&	
ﬂ
	
 ﬂ
	

	-	
0
21

+

+

0
~
> "

#

#
	
ML

ﬂ
	&	ﬀ
$# " ﬂ
		/

	.& 	
ﬂ
	
 ﬂ
	

	-	
0
 

&
$# ^
	

3
#
&,+
ﬂ
	&	ﬀ
ﬃ
	
4
ﬃ

ﬀ
#ﬂ
	 %
 "
Jﬁ '
ﬃ ! /
"%$*&
 
<
	
ﬂ
	

&
ﬃ,
	
#

!)ﬃﬃﬁ0!'
& 	
!
	

"
)

ﬁ
ﬀﬂ	
ﬃ	&,+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
^
	


!(.ﬂ
	&	ﬀ
ﬃ
 
<
	
!
	

"
)

ﬁ
ﬀﬂ	

ﬃ
ﬂ
	
ﬃ)#
&*&
ﬂ
	)	 ﬃ
ﬁ
 &
 !($#
	}|2 
&
 

K
&

4ﬃ"	&



#$# ﬂ
	 ﬃ"	
ﬂ
	

ﬂ
	

	-	


N


+
;!
;ﬃB+
ﬂ
	&	ﬀ
 
	ﬀ


#4!(
&


ﬂ
	
03
ﬃ	
ﬃ	ﬁ&
 
	


	ﬀ
<UKUM
 
<
	&

	

ﬃ
-ﬁ
"
)#
/

	ﬁ&



#$# ﬂ
	ﬃ"	
ﬂ
	&	ﬀ
ﬃ




	ﬀ


+#



	

"
)# 
ﬃ	"
ﬁML ﬂ
	&	ﬀ
ﬃ


&
!"
	
-ﬂ
	3	


)#

ﬂ
	& 	ﬀ
ﬃ
ﬃ
ﬁ
7&	
ﬂ
	

ﬂ
	

	-	


N
 


!
ﬃ/	ﬃ	

>
Q
%

F
~
Q

#
&,+
ﬂ
	&	ﬀ
ﬃ
	

ﬃ

ﬀ
#ﬂ
	7%

ﬂﬁ('
ﬃ
! 3
"%$'&
 
SUTDSUT V ?XW,YD;?[Z0?[\U]'^I?
1
\`_0aCb`cd54 4e]\eW
276
W 4
1
\e\87
686
W:9';<
\

!+
# 0-ﬂ
	

	ﬃ/	
#
ﬀ
#ﬁ L.!
	

"
)

ﬁ
ﬀﬂ	4ﬃ"	&


ﬂ
	
03
ﬃ"	 ﬃ	&
 ﬃ"
	
)


	ﬀQ	


ﬁ
4&	
#D
"
)

,$#

!

	
"ﬁ0
ﬃ

<LKM
)


ﬃ	;ﬃ
" ﬂ
	)	
ﬂ
	)	&*& 	

	ﬀ


#
	


	ﬀ &


	


# >=/?
ﬃ

ﬀ

ﬃ	 ﬃ	

	ﬀ




ﬀ
$#
 

	ﬃ
" ﬂ
	)	
ﬂ
	)	&*&	
0ﬂ
	
ﬂ
	?
ﬂ
	&	ﬀ
$#" ﬂ
	)	
!(!
&


#
	
"


	


#
 ﬃ	ﬀ

ﬃ
#$#
 ﬃ"	 ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	

 

	4ﬀ
#
%	

	 
0
&	1
3#

ﬁ0


ﬃ	
ML
ﬃ
ﬂ
	
! Wﬁ
;ﬃB+
ﬂ
	

	
 1
#
	
ﬁ


	

/	Q
"!9ﬂ
	
#
	
"
	 %

1
	

&

	5ﬃ
ﬁ
9&	
ﬀ

&
)#
7%	

	
)

ﬃ

ﬀ
#ﬂ
	
E"

/	&

&	

	


# 

6
%

ﬃ	

ﬀﬂ	4ﬃB+
#

!
& 
#3ﬁ


	

/	5
"! ﬂ
	
#
	
"
	5%

1
	


	A@ ﬀ
ﬁ L(#

	
ﬁML

~
	

 ﬀ
 



ﬂ
	
03"
ﬃ	 ﬃ	 &
 
	 	
7#

!
&
ﬂ
	-	
ﬂ
	)	
ﬁ #

	
ﬁ

1
/
#
ﬃ	-
ﬁ
ﬃ	 ﬃ	
 L ﬂ
	& 	ﬀ
ﬃ
 

7ﬃ	./
"
&
# -ﬂ
	
 ﬁ
- ﬃJ 
(
ﬃ
05

PLBQF
(
 


&


# 

#-ﬂ
	ﬀ
)$
	
!
ﬃ
ﬁ0
%

ﬀﬂ	 ﬃ
" ﬂ
	)	 	

ﬃB+ 	


#2

>
!+
WC
 

	
!

#$#
ﬀ	
$#

ﬂ
	)	 ﬃ	ﬀﬂ	
0
	ﬃ	
Jﬁ '
ﬃ ! / ﬃ
"%$'&


ﬀ

&'ﬀ

&
ﬂ
	)	
!(
&
.!
ﬀ
ﬂ
	ﬃ
"
	 ﬃ
ﬂ
	ﬀ
#
	
ﬁ"!(

ﬁ
 

 z*1
	 |2 |2 
~
|F
0
	9&	 ﬃ
#

#*+$#
	

Y
+3	

Y
J 	
0
	4&	>ﬀﬂ	
0
	

	ﬀ


#

	

	
$#

ﬂ
	;ﬃ	
Jﬁ '
ﬃ
! 3 ﬃ
"%$*&*)
ﬀﬂ	7ﬃ
#

#2+$# 

0 ﬂ
	
-ﬂ
	
)+
	
0
	$%
=!($#2
ﬃB+
ﬂ
	

ﬂ
	

	-	

6
=)8

#


&
ﬂ
	
	

ﬃK+
ﬂ
	

ﬂ
	

	-	
0


	ﬀ


3#
,ﬃ
ﬁ
ﬁ&	
!3#
ﬀ
ﬀ
?
O
Z

 
Z
1>?
ﬀ

	
=
ﬀ

!"
&	,ﬃ"	
ML !3ﬃ
ﬀ
ﬂ
	ﬃ

	
ﬃB+ 	
Lj(!
&
,$#
ﬃ
ﬂ
	
z3#
	
!ﬂ
	ﬀ
ﬂ
	ﬃ	-		
0

& 	#
ﬂ
	
03
ﬃ"	 IK 
ﬃLGNO! / ﬃJ 

PL,QN;ﬃ5	

IK 
ﬃ


  L

PL N;ﬃ  
J
1!3#
ﬀ
(!!(8W
T
 +3#
	

%

Y
+
%
>
	

Y
J
%
>
ﬀ

		
!ﬂ
	ﬃ
#7!(
&


#


&
,$#
)

)#

#
& ﬀ

ﬃ	
 L
%
Fﬃ
#
#"

#

!
&

&
(01
	

&	
ﬂ
	

&
$#
Q
"
&	
!'

#$#
h	
$#

ﬂ
	)	 ﬃ	 ﬀﬂ	

	 ﬃ	
Jﬁ '
ﬃ ! / ﬃ
"%$'&

0
ﬃ	

ﬀY
+
6 %
ﬀ
?
&

>
?
~

1>?
F

>
?
~
6


ﬃ
!"
&


 JGFJIK IK 
ﬃ


  L

PL,QN;ﬃ


 JGFJIK 
IK 
ﬃ LGNO! / ﬃJ 

PL,QN;ﬃ
6
	


ﬀY
J
6*%
1>?
&

>
?
~
	
)


	ﬀ ﬃ	
ﬂ
	

ﬂ
	

	-	

*	

ﬃ	
3")
 ﬃ
 !3#
ﬀ
!"
&	
F
|
ﬃ	
 L

ﬂ
	
03"
ﬃ	
)
ﬀ


!(ﬂ
	)	@%


ﬀY
+
6%
~
?

ﬀ
 >
?
> |;

ﬃ!	


ﬀY
J
6%
ﬀ ?
~~
 >
?
> | 	 ﬃ
ﬁ
 &


#


&
,$#
 

+ 	)2ﬁﬀ

ﬀ
# -ﬂ
	=ﬃ

ﬀ
#
%	

	 ﬃB+

ﬃ

ﬀ
# ,$#
Y$8
Z
>
?
>
~
	

ﬃ

ﬀ
!
&

"
)#2+
&	F/

	 ﬀﬂ	&
#
	
$#

ﬂ
	
ﬃ
ﬁ
>&


#


&
,$#

&
~
Q
ﬃ	
ﬂ
	&	ﬀ
ﬃ

#
ﬃ

 ﬃ	 6
=)8

0U
ﬃ

ﬀ
# ﬂ
	%
h"
ﬂﬁ('
ﬃ ! 3
"%$'&
!(
&


 JGFJIK 
IK 
ﬃ


  L

PL N;ﬃ
)

Q
 
	ﬀ&


 ﬂGF JIK IK 
ﬃ LGNO! 3 ﬃﬂ 

PL,QN;ﬃ
)
ﬀ

	
F
>
Q
ﬃ
ﬁ
9&


#


&
,$#
 
1 ﬀGQ
ﬃ	
ﬂ
	&	ﬀ
ﬃ

$


ﬀ
# ﬂ
	
ﬁ,! #
ﬀ ﬃ

6
=)8
0,ﬂ
	
ﬂ
	

ﬃ

ﬀ
#ﬂ
	 %
4"
Jﬁ '
ﬃ ! /
"%$'&*)
ﬀ
0
	A

# 
 ﬃ	
~
>
Q
!"
&	 "
ﬁML%ﬂ
	&	ﬀ

Q
#


&
ﬂ
	! 
<
	
/
	,ﬃ	
#
%	

	=ﬃ
#
H
ﬂ
	

	

ﬀﬂ		

ﬀ


!ﬂ
	
3
	


#2+
&	=ﬀ
(
&,+ 	)2ﬀ

ﬀ
#-ﬂ
	ﬁﬃ





%	-	 ﬃ"	 ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0ﬀ
+
 !

ﬂ
	
-ﬂ
	
!#
/	h	

ﬀ


!"
	
!"
& 	
ﬂ
	
 ﬂ
	

	-	
0
h
#


&
ﬂ
	! 
 (rad)φ∆
-0.04 -0.02 0 0.02 0.04
Ev
en
t d
en
sit
y (
log
.)
-410
-310
-210
-110
Donnees simulees
Donnees P14 Methode des approximations
Donnees P14 Methode des intersections
 z (m)∆
-0.04 -0.02 0 0.02 0.04
Ev
en
t d
en
sit
y (
log
.)
-410
-310
-210
-110
Donnees simulees
Donnees P14 Methode des approximations
Donnees P14 Methode des intersections
 
|2 |2 
~
|


ﬁﬃ/?ﬂ1-ﬁ ! Sq 0ﬁ9q]!ﬁﬃﬀ % /!ﬁﬃﬀ<ﬃﬀ 9/ﬁﬃ/1-ﬁ ﬁQﬁB ;D3<% 1-ﬁ>ﬃ
gBG
 2?ﬂﬁ>!1!
7
U8ﬃ/ﬁﬃDﬀ;[< ;lB&!ﬁ
F
G
B19%(;]ﬁBDo;[< ;mB 9ﬁSﬃﬀﬀ/ !ﬁﬃ1-ﬁ D29% U!*JﬀN P
C E C=H
N J	


ﬂ
U8 1-ﬃ
%D31CBpU!ﬃﬀ (H; D1-ﬃLD  BﬁﬃﬀU8 %'ﬁ  D ; 9=D2!D%'DU8ﬃ/ﬁ=
F-F
%4B ;ﬁe+9 D2FD3De!ﬁ>ﬃ/ﬀﬂﬁ !ﬁ D3
UjUKﬃﬀ /BeB&ﬁ !
F@G
S D3D3ﬃﬀ !ﬁﬃ/19ﬂﬁ  ﬁ UX$
F


# 

#
)
&
!3ﬃ
ﬀ
ﬂ
	ﬃ

	=ﬃB+

ﬃ

ﬀ
# ,$#
	
0
	

ﬀﬂ	$	

ﬂﬁ('
ﬃ
! 3
"%$'&

+
 !

,/
	
# 0

 )+H^
	ﬀ
$#
" 	


	

	ﬃ	 
ﬂ
	&	ﬀ
$#
ﬃ


#I1
&, 
SUTDSUT * V ?XW,YD;?[Z0?[\U]'^I?
1
\`_0aCb`cd54 4e]\eW
276
W 4
1
\e\87
686
W:9';
K
#
0/

	 &,+

ﬃ

ﬀ
# ,$# 
	

	

ﬀﬂ	 	

ﬂﬁ('
ﬃ ! 3
"%$*&

+
 !

,/
	
# 0
& 	
!
	

"


ﬁ
ﬀﬂ		
$#

ﬂ
	)	
ﬃ
ﬁ
&


#


&
,$#
)

ﬀ


#
ﬃ%	

	

&
)
& 	5
W
	-	ﬁ&
ﬁ
ﬃB+
ﬂ
	

ﬂ
	

	-	



	ﬀ


#



	ﬀ
"
	

	


#
!
&


ﬂ
	ﬀﬂ	
0
	ﬁﬃ

ﬀ

ﬃ	=ﬃ	

	ﬀ


+
ﬀ
$#
 

ﬁ
ﬀﬂ	
/
	


	&*&	

	


#
ﬃ

ﬀ

ﬃ	,ﬃ	

	ﬀ



ﬀ
$#
ﬃ	
ﬂ
	

ﬂ
	

	-	


)
&	?/	
#
&DU	
 ﬂ
	

	
01
#
	&
"
&	
z+
	 $ﬀ
#D$#
&'&
ﬁ
	 ﬃ

<UKM
0ﬁﬂ
	
ﬂ
	
+)#
ﬃ
ﬂ
	
)
	

&,+

&
1ﬁ
# 03
	 ﬃ"	

	ﬀ



ﬀ
$#
ﬃ	
ﬂﬁ('
ﬃ ! / ﬃ
"%$*&
 ﬂ
	
-ﬂ
	


ﬂ
	&
#)ﬂ
	6 
<

		
!ﬂ
	ﬀ
ﬂ
	ﬃ	- 	

)

-+
# ﬂ
	

	/	
ﬁML !
	

"
)

ﬁ
ﬀﬂ	4ﬃ	 &


ﬂ
	
03
ﬃ	 ﬃ	&
 
	
)


	ﬀ 	


ﬁ
;&	
# 
"
)

,$# 

!ﬃ

	
"ﬁ
ﬃ

<UKUM
 

	
!

#$#
ﬀ	
$#

ﬂ
	)	 ﬃ	ﬀﬂ	
0
	ﬃ	
Jﬁ '
ﬃ ! / ﬃ
"%$'&


ﬀ

&'ﬀ

&
ﬂ
	)	
!(
&
.!
ﬀ
ﬂ
	ﬃ
"
	 ﬃ
ﬂ
	ﬀ
#
	
ﬃ
ﬁ
,&
 !(ﬃ$#
	 |2 |2 
ﬀ
 

 z*1"
	 |2 |2 
~


0
	 & 	,ﬃ
#

#2+$#
 	

Y
+ 	

Y
J 	
0
	 & 	,ﬀﬂ	

	

	ﬀ


#
 	

	
$#

ﬂ
	 ﬃ"	
Jﬁ '
ﬃ
! 3 ﬃ
"%$'&*)
ﬀﬂ	 ﬃ
#

#*+$#

 ﬂ
	
-ﬂ
	
)+"
	
#
	%
7!(ﬃ$#2
ﬃB+
ﬂ
	

ﬂ
	

	-	


6
=)8

#


&
ﬂ
		

ﬃB+
ﬂ
	

ﬂ
	

	-	
0


	ﬀ


+#
 ﬃ
ﬁ
 &	
!3#
ﬀ
ﬀ
?
O
Z

 
Zﬁﬀ
?
ﬀ

	
=
ﬀ
 !'
&


 JGFJIK 
IK 
ﬃLNO! / ﬃJ 

PLQNﬃ3	

&


 ﬂGF JIK IK 
ﬃ


  L

PL,QN;ﬃ  

	ﬁ&
(01
	
"
,ﬃ"	,ﬃ
#

#2+$#

Y
+ 	

Y
J

0



ﬀY
+
61%
~
?
F

>
?
~


ﬃ(	


ﬀY
J
61%
ﬀ
?
&

>
?
~
	 ﬃ
ﬁ
 &	7ﬃ
" ﬂ
	)	
!"
&


 JGFJIK IK 
ﬃ


  L

PL,QN;ﬃ
)


ﬀY
+
61%
ﬀ
?
~

>
?
~


ﬃ(	


ﬀY
J
61%
ﬀ
?


>
?
~
	 ﬃ
ﬁ
 &	7ﬃ
" ﬂ
	)	
!"
&


 JGFJIK IK 
ﬃ
F

LNO! / ﬃJ 

PLQNﬃ
)


ﬀY
+
6 %
~
?

ﬀ
 >
?
> |&

ﬃ 	


ﬀY
J
6 %
ﬀ ?
~~
 >
?
> |&  ﬃ
ﬁ
 &


#


&
,$# !'
&	 ﬃ	
 L

ﬂ
	
03
ﬃ"	;ﬃB+
# 0
	
$!
&
,$#
 

ﬂ
	

&
$#

"
&
!

#$#
	
$#

ﬂ
	)	ﬃ

Jﬁ '
ﬃ
! 3
"%$*&


	
#
&'&	
"
	E/

	7ﬀﬂ	&*&	
)+
	
0
	
 
	ﬀ
&	
!3ﬂ
	ﬀ
ﬂ
	ﬃ"	

ﬀ

ﬃ	0ﬃ	

	ﬀ



ﬀ
$# 
)

ﬁ

/
	!"

#

,/
	
#D
ﬃ

	 &	
ﬂ
	

&
$# 
	
$#

ﬂ
	)	ﬃ
ﬁ
,&


#


&
,$#
 

	
 L +)#


?	
L!
&
#
/

	
0
ﬀﬂ	&



H
&-+
1
#
ﬃK+
"
	 ﬀ


!(+)#


	

	 ﬃ	
ML
ﬀ

ﬃ	>ﬃ"	

	ﬀ


+
ﬀ
$#
ﬃ
#
H
ﬂ
	

	

 ﬀ
(
& 	
ﬂ
	
 ﬂ
	

	-	



#


&
ﬂ
	
 
	ﬀ &
 " 
	&*&	

	


# 
+ 	
L#

ﬃ)#
	
 !
 	

ﬀ
)
	6 

 1 ﬂ
	


ﬂ
	
#
	<ﬃ

<UKUM

+
ﬂ
	
ﬃ)#
!
 

2*

		
0
ﬀ
)$
	ﬀ

	-	

ﬃ
ﬂ
	ﬀ
#
	 ﬃ
ﬁ
;&:+
ﬁ
ﬀ
#
	
"
	

	


#
ﬃ

ﬀ

ﬃ	
)
ﬀ

ﬃ
#

ﬁ
%
*"
	

ﬁ  )#
/	&	
$#

,$#
ﬃ	 /	
!
	

"
)

ﬁ
ﬀﬂ	! 


	 &
ﬁ
ﬃB+
ﬂ
	&	ﬀ
ﬃ
Q
ﬂ
	& 	ﬀ
$#" ﬂ
	
!(
&	=ﬀ
# 
%	

	
ﬀ ? O
Z

N
Z ﬀ
? ﬀ

	
=
ﬀ

ﬀ
0$#
	
Q"
ﬃ	

&	

	

ﬃ	
 )#

ﬂ
	&	ﬀ
ﬃ

! 
	
"ﬁ0
ﬃ	7&

ﬃ
ﬂ
	
#Dﬂ
	
1),$#
ﬃ	 6
=)8
	

ﬃ"	
!
ﬀﬂ	ﬃ




	&'&

eﬁ
)

)#

ﬁ
ﬃ
#
ﬃ	"
ﬁML ﬂ
	&	ﬀ
ﬃ


3"
ﬃ
ﬃ

!
	
 ﬂ
	

	
01 ﬂ
	
$#
/

	

	ﬀ


#
7ﬀ

		
ﬂ
	&	ﬀ
ﬃ
ﬀ"  
!(ﬃ$#
	 |2 
ﬀ
 
ﬀ
 
ﬀ
6
 
<
	ﬃ	
+#
	

 ﬀ
0#2+
	
0
%
 ﬂ
	&
(01
#*
&	ﬃ
#

#2+"$#
 	

Y
+-	

Y
- !( "
	

ﬁ  )#
/	

	ﬀ



ﬀ
$#F

ﬁ  )#
/	

ﬃ

ﬀ
# ,$#
ﬃ

ﬂﬁ('
ﬃ ! 3
"%$*&
 
 (rad)φ∆
-0.04 -0.02 0 0.02 0.04
Ev
en
t d
en
sit
y (
log
.)
-410
-310
-210
-110
Donnees simulees
Donnees P17 Methode des approximations
Donnees P17 Methode des intersections
 z (m)∆
-0.04 -0.02 0 0.02 0.04
Ev
en
t d
en
sit
y (
log
.)
-410
-310
-210
-110
Donnees simulees
Donnees P17 Methode des approximations
Donnees P17 Methode des intersections
 
|2 |2 
~



ﬁﬃ?ﬂ18ﬁ !S q  ﬁ q

!ﬁﬃﬀS%J9ﬁﬃJﬃﬀﬀ/ !ﬁﬃ1-ﬁﬁ ﬁB ;ED2% 1-ﬁ>ﬃ
gG
 2?ﬂﬁ>ﬂf
91K
7
]U8ﬃ/ﬁﬃDo;[< ;mB 9ﬁ
F
G
/eB18%,;SﬁBDﬀ;[< ;lB&!ﬁ]ﬃﬀ !ﬁﬃ/1-ﬁD2!]% UKnJON P
C E
 
CaH
N J	

 
ﬂ
U8 1-ﬃi% D31CBJU!ﬃﬀ (H; D1-ﬃ D  BﬁﬃoU8 j%'ﬁ LD ; 9= Dj! %' U8ﬃﬁ= 
F -F 
% B ;ﬁe+9 D3 D3 !ﬁ>ﬃ/ﬂﬀﬂﬁ !ﬁ4D3
UjUKﬃﬀ /BeB&ﬁ !
F@G
S D3D3ﬃﬀ !ﬁﬃ/19ﬂﬁ  ﬁ UX$
F

}z*1"
	 |2 |2 
~
&

0
	;&

ﬃ
#

#2+"$#
ﬃ	 &



ﬃ/	
#D

(# ﬁ0
	1	

	
W


	ﬀ 	


ﬁ

<UKUM
!"
&	
ﬃ	
 L ﬂ
	&	ﬀ
ﬃ
?	
9!"
& 	 ﬃ"	
ML

ﬂ
	
03
ﬃ	4ﬃB+
# 0
	
$!
&
,$#
ﬃ	

ﬀﬂ	4ﬃ
ﬁ
9&	
<UKUM
 
R

ﬃB+
(+)
ﬃ
)

ﬀ


ﬃ,
	@/

	 &


 JGFJIK IK 
ﬃ


   L
 
PLQNﬃ
1(
ﬃ	

Q
ﬃ	
ﬂ
	

ﬂ
	

	-	
0


	ﬀ


# 
 6
=)8
 
V


#
	
)
&	


+
	ﬃB+
ﬂ
	

ﬂ
	

	-	

7ﬃ	 "

ﬃ"

>
Z

 
Z
ﬀ
?
O

	
=
ﬀ

6
)
ﬀ


$#ﬃ ﬂ
	ﬃ	

)#

ﬂ
	&	ﬀ
ﬃ




	&*&

eﬁ
	

ﬀ


	


# 
ﬃ	
!43ﬁ/

6
ﬃ	
!3#
1	
4_,,
;ﬀ
3"(01 ﬂ
	
)
	

ﬃ
#

# # ﬂ
	ﬃB+
"
"

ﬀ

	
"
~
>
 
H
&
(!!(8W
T
ﬀ0!3#
ﬀ
ﬁ/
ﬃ"	
N
>
?
 
	
)
#
ﬃ	
$#dz ﬂ
	 ﬀ

		 ﬃ"	
ﬂ
	

ﬂ
	

	-	
0
 ?


g

g
W
ﬀ
(
&


ﬂ
	
03
ﬃ	;ﬃ"	 &
ﬃ
	

	ﬀ


3#=ﬁ
ﬃ
#
ﬃ"	
!3#
 ﬀ
3"(01 ﬂ
	! 



 JGFJIK IK ﬃDLGNO! / ﬃJ 

PL,QN;ﬃ
1(
ﬃ	
O &GQ
ﬃ	
ﬂ
	

ﬂ
	

	-	



	ﬀ


#
 6
=)8
	

&	


+3
	 ﬃB+
ﬂ
	

ﬂ
	

	-	
0
 ﬃ	 "

ﬃ"
	

ﬃ
#

# # ﬂ
	 ﬃB+
"
"

ﬀ

	
"
&
>
 
<
	
!
	

ﬃ
ﬁ
)
&	
! #
ﬀ ﬀ
)$
	
!
ﬃ
ﬁRﬁML
ﬀ


	


#
 ﬃ	
!43"ﬁ/
	
 ﬁ
?


g

g
W

+
(!3!(8W
T
 !

J
ﬃ	

W
	-	7&	


+
	

%	 "
)#2+
&	4ﬃB+
ﬂ
	

ﬂ
	

	-	
0
1
ﬂ
	&	ﬀ
$#" ﬂ
	9ﬃ
ﬁ
 ﬀﬂ	
/
	
ﬂ
	
1
#

>
Z

 
Z
ﬀ
?
O

	
=
ﬀ

6
!
	

&
)#
ﬃﬃ	
>!
	

/	

/

	4ﬀﬂ	
/
	
ﬂ
	
03
ﬃ	 ﬃB+ 	
Lj(!
&
,$#
ﬃ	

ﬀﬂ	
)
ﬀ
#$#
/
"(+
&	 
"
&	
!
&
ﬁ !43 

#
/

	
F&
%
ﬀ
ﬁ
/	 ﬃ	
3!ﬁ03
%	/	
$#
&
#

ﬂ
	)	
)
ﬃ
"
	 ﬃ	
ﬂ
	

&
ﬃ,

#D
ﬀ
)$
	ﬀ

5%
,+
A

	
0ﬁ


	

/	6 
<
+ 	

!"
/

#
/	

& 	 &


 JGFJIK MIK ﬃ


  L

PL N;ﬃ	

ﬀ


#
ﬃ
ﬂ
	
ﬂ
	)	
!(
&


# 
	6 
)2M(e+e-) (GeV/c
0 0.5 1 1.5 2 2.5 3 3.5 4
Ev
en
em
en
ts
0
100
200
300
400
500
600
700
800
900
1000
Donnees P17 sans CPS
Donnees P17 "Approx"
Donnees P17 "Intersec"
 oS
|2 |2 
~
&p#	Tﬂi <ﬃ!ﬁ> 
  
a9iﬁ +<ﬀ
gBG
U8 1-ﬃT% D31CB B ;ﬁe+8 D3.D 9ﬁ>ﬃ>U8 j%'ﬁ  D3pﬁﬃﬀj.D2!
%
gG
%B ;ﬁe+9 D3D3SU2U!ﬃﬀ /BB)ﬁ 9&ﬁBD3!ﬁ>ﬃ/ﬂﬀf
ﬁ !
F

		)2ﬁﬀ

ﬀ
# -ﬂ
	 ﬃB+



ﬀ
#D,$#
ﬃB+

ﬂﬁ('
ﬃ
! 3
"%$'&
%
! ﬂ
	&	ﬀ
ﬃ



0ﬁ
	
!ﬂ
	/	
0-ﬂ
	)	F

&

z*1
	|2 |2 
~
O
!"
ﬃ"	

)#

ﬂ
	& 	ﬀ
ﬃ

!

	
"ﬁ0 "#
/

	-	

ﬃ

6
=)8
	
!"
ﬃ	 "
ﬁML ﬂ
	&	ﬀ


!

	
"ﬁ0
ﬃ"	ﬁ&
 ﬂ
	
1
# 
>
?
~
Z

N
Z
ﬀ
?
O

	
=
ﬀ

ﬃ


#  ﬂ
	)	
!(
&	."
ﬁML ﬂ
	&	ﬀ
ﬃ
! 
K
"
ﬀ
3"
/

	


&	
"
ﬃ	
Y$8
	

	,&
!

# $#
	
"ﬂ
	)		

	
$#

ﬂ
	)	ﬁﬃ

ﬂﬁ('
ﬃ ! /
"%$'&*)
&	


+
	=ﬃ	ﬁ6
=)8
	

ﬃ

ﬀ
ﬃB+
ﬂ
	&	ﬀ

 	

ﬀ

&*ﬀ

&
ﬂ
	 %
 !($#2
ﬃB+
"-9^/


	-	
ﬁML
ﬃ
" ﬂ
	)	
)
ﬃ
ﬂ
	ﬀ
#
ﬃ
ﬁ
 &
 !(ﬃ$#
	v|2 
ﬀ
 
ﬀ
 
ﬀ
 

	
ﬀ


!)ﬃ
	-	

ﬃ	 ﬃ	
ML
ﬀ
$+
		

ﬃ
#
H
ﬂ
	

	

	

"

ﬀ
$# 
ﬃ	
Y$8
 

 !
	-
#
%	

	
,/
	
#  (!3#
ﬃ	-	

" !
&
,
	
ﬁ=!"
&	-/

	&
FFGQ
ﬃ"	
ﬂ
	&	ﬀ
ﬃ


U
e


ﬀ
# ﬂ
	 %
Q"
Jﬁ '
ﬃ ! /
"%$*&

#
&!+
1
#
ﬃ	

)#

ﬂ
	&	ﬀ
ﬃ
	

&	

ﬀ


!)ﬃ
	-	
"0
	

	
 
ﬀ ﬀ
)
ﬃ


	ﬀ0&


#


&
,$#
 


ﬃ	
 L#
%	-	 ﬀ
$+
	 ﬀ
ﬃ9W
T

!
&

 & 	

	-	
0

!"
Y$8
Z
>
?
>
~
)
ﬀ

Q
ﬃ"	
ﬂ
	&	ﬀ
ﬃ


 
0 
ﬃ

ﬀ
#ﬂ
	%
"
Jﬁ '
ﬃ ! /
"%$*&4)

&
)

/

	 &:+

-+
,/
	

ﬃ %
E(ﬃﬁML
ﬃ	
~
>
Q
ﬃ	&

&


#


&
,$#
 


ﬃ
#
H
ﬂ
	

	

ﬀﬂ	
ﬂ
	
#
ﬃ	 ﬃ
ﬁ
 & 	."
)#
/

	 &	
ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0
)

%	 ﬀ


!
&	
L
	
)

+
 !

ﬂ
	
-ﬂ
	
#


&
ﬂ
	
!"
& 	 "
ﬁML ﬂ
	& 	ﬀ
ﬃ

1>ﬂ
	
 ﬂ
	
ﬂ
	! 
<
	
/
	 ﬃ
#
H
ﬂ
	

	

ﬀﬂ	
!+ 	
L!
&
#
/

	
ﬁ
ﬃ
# !(
&	#"
)#
/

	&	&
ﬁ
ﬃ	ﬃ
" ﬂ
	)	;ﬀ


#
ﬃ
ﬂ
	
ﬂ
	

	ﬀ
0$#
	
0;!

#
/

	-	
0
ﬃ	"
ﬁML
ﬂ
	&	ﬀ
ﬃ
 
)#

ﬁ
ﬃ
#
ﬃ	

)#

ﬂ
	&	ﬀ
ﬃ

#
ﬃ

>ﬃ	4ﬀ


	


#
ﬃ	
!43ﬁ/


ﬃ	
!ﬃ
ﬀﬂ	ﬃ




	&'&

eﬁ
)
ﬁ21
	
ﬃﬁ0ﬀ)# 

#
&,+ 	)2ﬁﬀ

ﬀ
#ﬂ
	 ﬃ"	 &,+

ﬃ

ﬀ
# ,$#
 

	9ﬃ
" ﬂ
	)	

	ﬀ


+#
	
!(
&	


	
ﬁ
ﬀ

ﬃ	 ﬃ	

	ﬀ



ﬀ
$#


	

ﬃ	
!
	

"
)

ﬁ
ﬀﬂ	

#

#
&
)#2
	 %

ﬀﬂ	&*& 	
)+"
	
#
	 ﬃ
ﬁ
 &


#


&
,$#
 

# 

#
)

ﬃ

ﬀ
#
	
 "
ﬂﬁ('
ﬃ ! 3
"%$*&
%
Q"
	
+
ﬀﬂ	
!
	

	

ﬃ	
ﬂ
	ﬃ
#2
	 ﬀ


#
ﬃ
ﬂ
	
(+
&	-	

&	
ﬃﬁ L
ﬃ	 "
ﬁML ﬂ
	& 	ﬀ
ﬃ
	

ﬃB+
ﬁ21
	
0
	

&
 !"
	
ﬂ
	?	


)#

ﬂ
	&	ﬀ
ﬃ
! 
SUTDSUT S V7
6
Y
276
\eY
6
Z
6
\ ^(W 9<; 4
6
W 7
6:276
Y#^R;
1
\eW Z
1
9 W ]
6
Y
276
W 4
1
\ \87
686
W:9';

	ﬀ
#
%	

	>ﬃ	 ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0 $#
&
#

ﬂ
	
^ﬃ
0/

+ %
9!ﬂ
	/	
0!
	

	
/
	
0
ﬃ	U
ﬂ
	&	ﬀ
$# "
	

&	
ﬂ
	
"ﬁ
ﬀﬂ	
ﬀ

		 &	 6
=)8
	
 
<
	
!
	

ﬃ
ﬁ
)
#
&#-+


%	

	A/

	4&
1)ﬁ
ﬃ	
9^/)#ﬂ
	;ﬃ"	
!(ﬃ$#
ﬀ

& 	
Bﬁ !ﬃ


/
 ﬂ
	
&	ﬃ
ﬂ
	ﬀ & 	

ﬀ
3
	-	



	

"
)# 
ﬃ	
ﬂ
	

;&
ﬂ
	
1
	

 ﬀ
3"(01 ﬂ
	
g
4
Q;?
4
)
	
 !


/
"ﬁ0
&:+
ﬁ21
	
0ﬃ,$#
ﬃ
 ﬃﬁML
ﬃ	 ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0
 
5ﬃ

ﬀ
#
	
"
ﬂﬁ('
ﬃ ! 3
"%$'&
%
 "
	

ﬀﬂ	 ﬃB%	,&	
#

	
ﬁ


!
	

	

ﬃ	
ﬂ
	ﬃ
3#2
	 ﬀﬂ	
ﬃﬁ L
ﬃ	=ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0&/
	
 1(
ﬃ
ﬁQ
	
+"
	 	)2ﬁﬀ

ﬀ
#ﬂ
	ﬁﬃ"	 ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0!"
FGO
CPS R∆
0 0.005 0.01 0.015 0.02 0.025 0.03
Ef
fic
ac
ite
 de
 l’a
sso
cia
tio
n
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Vrais electrons mous
Faux electrons mous
 oS 
 
 
 

O4   	 2ﬂﬁ8; D3 %  (ﬂﬁ  D 186% 1-ﬁ>ﬃ
gBG 7
18
;ﬂ%ﬀﬂﬁﬃﬀ 0ﬃﬀ 9/ﬁﬃ/1-ﬁ U8ﬃJ%'B ;ﬁe+9 D3 D3%'ﬃﬀ 1-ﬁ>SIﬂ mﬂﬁ LD3]%'
Dﬁ=K4!ﬁﬃﬀ %iU8 ﬁ 9B&18ﬃ@;(Dﬁ ﬁB ;( D1% 1-ﬁ>ﬃ
gBG
U8 1-ﬃD3 ;ﬂ%ﬀﬂﬁﬃﬀ 9ﬃﬀ 9ﬁﬃ1-ﬁ D29]% UKD1

>	 

C
"$"
C

 

ﬂ
@&ﬁKD2!%')ﬃ@;ﬀ* 


]C E   C
 
 	
 
 
ﬂ
F
&	
 )#

ﬂ
	& 	ﬀ
ﬃ
! 
<
+ 	

ﬀﬂ	./

	



&*&

C
0
	


)# 0
	
"ﬁ
 
K
"
ﬀﬂ	
/
	
ﬂ
	
ﬃ
ﬃ	
)
/	
!"

	


#
 ﬃ	 ﬀ

ﬃ
#$#
 ﬃ	 ﬃ
ﬂ
	ﬀ & 	

ﬀ
3
	-	
h00ﬂ
	
ﬂ
	

	
-ﬂ
	)	
)
#

!
&
#
/
"ﬁ0
)
ﬁML #

	
ﬁML


	

 ﬀ
)
ﬃ
#
H
ﬂ
	

	
0
7ﬀ
#
%	

	7ﬃB+

ﬃ

ﬀ
# ,$#
	

	 ﬃ	
Jﬁ '
ﬃ
! 3 ﬃ
"%$*&*)
ﬃ	
+
ﬀﬂ		

ﬃ	




ﬂ
	& 	ﬀ
ﬃ

1 ﬂ
	
$#
/

	! 
K

ﬀ
3"
/

	

	


#
ﬃ	 ﬀ
# 
%	

	 ﬃ	ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0
)
&	
!3ﬃ
ﬀ
ﬂ
	ﬃ

	4ﬃ	

ﬂ
	&	ﬀ
$# 
ﬃ	
ﬂ
	&	ﬀ
ﬃ
ﬀ	

ﬃB+

ﬃ

ﬀ
# ,$#
%
$
ﬂﬁ('
ﬃ ! /
"%$'&
ﬃ
ﬂ
	
ﬃ)#
&'&
ﬂ
	)	
ﬁ!(

ﬁ0

0h(!!
&
#
/
 ﬂ
	)	! 

	 ﬀ

ﬃ
#$# 
4ﬃ	ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0

0 ﬂ
	


ﬂ
	)	
#
ﬀ
#
ﬀﬂﬁﬃ! #"$ %&ﬁ('*),+
 

.-
	
ML(
ﬀﬂ	ﬃ	
!

ﬀ

	
=
ﬀ ﬃ
0h"
	 ﬃ"	
!
0/

	
=
ﬀ4	

ﬃ	
 L
/"
 ﬃ	ﬃ
ﬂ
	ﬀ & 	

ﬀ
3
	-	

ﬀ

&
)#

ﬂ
	
#
/

	


	ﬀ
V


ﬀ

	 ﬃ
 
	


	ﬀ
V


&

	5 
 ﬀ
&-
	
 L /"
;ﬀ

&
)#

ﬂ
	
#
/

	 ﬃ
ﬁ
;&
=ﬂ
	
1
#
N ON
Z


?
&


	ﬀ
V


ﬀ

	 ﬃ
5"
	


	ﬀ
V


&

	 

ﬀ
1-
	
ML ﬂ
	&	ﬀ
ﬃ

 ﬁ
- ﬃJ 
(

	ﬀ


3#

!(
&


ﬂ
	
03
ﬃ"	 ﬃ	&
 ﬃ"
	 ﬃ
0 "

PLBQF
(
 
ﬀﬂﬁﬃ! #"$ %&ﬁ2'*)4365 W
	-	7ﬀ

ﬃ
#$#
C/

	
V O


ﬁMLF3#

	
ﬁML


	


ﬀ
 
 ﬀ

V

	
01
#
	
ﬁ


	

/	
/ﬁﬃ
&	 ﬃ
ﬂ
	
!'

ﬂ
	)	9ﬃ
ﬁ
 & 	ﬃ	
MLh/"
ﬃ"	 ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	

ﬀ

&
)#

ﬂ
	
#
/

	
7N ON
Z


?
&
6

ﬂ
	
#98
	
V


F

	5 
ﬀﬂﬁﬃ! #"$ %&ﬁ2';:1<=5 W
	-	 ﬀ

ﬃ
#$#
C/

	
V	O


)
ﬁML
/

	&*&	1
09^/-ﬂ
	)	

 ﬀ


	 ﬃ	
MLF/"
 ﬀ

&
)#

ﬂ
	
#
/

	 



ﬀ
# ﬂ
	)	ﬀ
!,$# 
& 	-	
ﬀﬁML
ﬃ"	
MLE+
ﬀﬂ	! 

	
8*1"
	
 
 
 
 

>


	

&	4ﬃ
#

#2+$#
=	



ﬃ/	&	@? 	
W
)+"
	
0
	


	ﬀQ	


ﬁ
9&,+
# 
"
)

BA
$#
ﬃ

<UKM
!'
&	ﬀ

ﬃ
# $#

V	O


)
V OBC
	

V
ﬀ
>
 

	
!3#
ﬀ=ﬃ

6
=)8
	
 
	
/
	-	
0

#

#*+
&	 ﬃ
ﬁ

ﬀ
3"
ﬀ
"
	ﬁﬃ"	ﬁﬀﬂ	 ﬃ
#

#2+$#
! 
\
 
	-
(
/

	
ﬂ
	
1
&	-	
0
/

	ﬁ&	
ﬂ
	

ﬂ
	

	-	
0
3
ﬂ
	&	ﬀ
$#" ﬂ
	
!(
ﬀﬂ	
ﬀ

ﬃ
#$#
,ﬃ"	0ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0

0
	ﬃ/	
0$#
	&*&	-	
0
ﬃ	
ﬂ
	

ﬂ
	

	-	

 ﬃ	
+# 
ﬃ"	@"

ﬃB 
K
"
&	
ﬀ

ﬃ
#$#

V O

 	

V	OBC
)
FB 


Q
ﬃ	
ﬂ
	&	ﬀ
ﬃ

!ﬃ

	
"ﬁ0
ﬃ	 6
=)8

0 
ﬃ

ﬀ
# ﬂ
	F%
"
Jﬁ '
ﬃ ! /
"%$'&*)
ﬀ
0
	
ﬀ
>


Q
!"
&	 "
ﬁML ﬂ
	&	ﬀ


7
>
?


Z
EDFD
Z
ﬀ
?
O

	
=
ﬀ	G$H  
K
"
&


	


# 
V
ﬀ
>
)
&,+ 	)2ﬀ

ﬀ
#-ﬂ
	
ﬃ	&:+

ﬃ

ﬀ
# ,$#
	
 !
&

 "
)#2+
&	
7
F
>


Q
H  
ﬀﬂﬁﬃ! #"$ %&ﬁ2'JILK=5 W
	-	 ﬀ

ﬃ
#$#
C/

	
V	O


)
	
J


1-
	
MLF
ﬀﬂ	7ﬃ	
!

2/

	
=
ﬀ
#


&
ﬂ
	)	! 
 ﬀ


	 ﬃ	
MLF/"
 ﬀ

&
)#

ﬂ
	
#
/

	 



ﬀ
# ﬂ
	)	ﬀ
!,$# 
& 	-	
ﬀﬁML
ﬃ"	
MLE+
ﬀﬂ	! 
FM>
M(e+e-)
0 2 4 6 8 10 12
N
(ev
t) 
(lo
g.)
10
210
310 Condition E30 :
Sans CPS
Avec CPS
M(e+e-)
0 2 4 6 8 10 12
N
(ev
t) 
(lo
g.)
10
210
310 Condition E7A :
Sans CPS
Avec CPS
M(e+e-)
0 2 4 6 8 10 12
N
(ev
t) 
(lo
g.)
10
210
310 Condition E7B :
Sans CPS
Avec CPS
 oS, 
 
 
 

>0

ﬁﬃ?ﬂ18ﬁ !DB&/ﬂi <ﬃ/!ﬁ>
  
U8 1-ﬃ D31CB ;ﬂ%ﬀﬂﬁﬃo !iﬃﬀ !ﬁﬃ/18eﬁ U8ﬃi%'B ;ﬁe+9 D2ED2 %'ﬃﬀ 1-ﬁ>
!Sﬁ +<ﬀ
gG
Dj!% D2 !J;( D ;%m/+ ;(:U8ﬃS% 6Dﬁ 9&
	&

L
ﬁ


KF
ﬀﬂﬁﬃ! #"$ %&ﬁ2'JI=5 W
	-	 ﬀ

ﬃ
#$#
C/

	
V	OBC )
	
 


1-
	
MLF
ﬀﬂ	7ﬃ	
! 
2/

	
=
ﬀ
#


&
ﬂ
	)	! 
 ﬀ

J

	

ﬀﬂ	

ﬃ

ﬀ
#ﬂ
	)	4
!,$#D
&	-	
0
%
"
	
/"
ﬀ

&
)#

ﬂ
	
#
/

	6 

	
8*1"
	
 
 
 
 

 F

0
	
0
&	 ﬃ
#

#*+$#
Q	



ﬃ/	F	@?8	
W
)+
	
0
	
 
	ﬀF	


ﬁ
 &,+
# 
"
) A

,$# 
ﬃ

KM
!"
&	 ﬀ

ﬃ
#$#

V ﬀM>
	

Vﬀ
 
 

!(ﬂ
	)	
ﬁML
ﬀ

ﬃ
#$#
ﬃ"	ﬁﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0
!ﬂ
	ﬀ
ﬂ
	ﬃ	
0
	
)
 )+
/	


	 /

	,&

"
)
	
1
&
)+
&	,ﬃ	ﬃ
#

#2+$#
ﬀ	

&


W
	-	6 

	
!
	

ﬃ
ﬁ0
)
&	
!3#
ﬀ
ﬀ
)$
	
!
ﬃ
ﬁ0 ﬁML ﬂ
	

ﬂ
	

	-	
0
 6	
8
/	9ﬃ
ﬂ
	
11
	

	
/
	-	
 !
&

 ﬃ

"

ﬃB 
K
( (!!)ﬃ
%

&

ﬀ

ﬃ
#$#
';:1<
)
ﬃ"	-
ﬁ
ﬃ	

ﬃ	

ﬀﬂ	
#


&
ﬂ
	)	 ﬃ%	 &	
!3
	-
#
	
5#

	
ﬁ
ﬃ	 ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0!
	

	

ﬃB+
)+"
	
#25"
(!3!')

#I1
& 
 ++# ﬃ
#
A"

#

!
&


ﬂ
	&	

ﬂ
	6 


ﬀ
#*+$#
ﬃ	"
ﬁ L ﬂ
	&	ﬀ
ﬃ

7
ﬂ
	

ﬂ
	

	-	

 %

+
/	 

ﬃ/	
>



Z

D D
Z
ﬀ

O

	 ﬀ
G
	

%
 !
&


3"ﬁ
	 

ﬃﬃ	 
DFD



>

	 ﬀ
G
H5	
1ﬂ
	
1
&	-	
0
ﬂ
	ﬃ
3#
	6 

+
(!!
&
#
ﬀ
,$# 
ﬃ

ﬀ
#
%	

	.ﬃK+

ﬃ

ﬀ
# ,$#
"%$*&
%

ﬀﬂ	
ﬂ
	

ﬂ
	

	-	
0
,ﬃ

	ﬁﬃ	
!
	

"
)

ﬁ
ﬀﬂ	
ﬀ


!((+
&	7%

ﬀﬂ	&*&	
)+"
	
#
	


	ﬀ &	 ﬀ

ﬃ
#$#
 ﬃ	ﬁﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0 !ﬂ
	ﬀ
ﬂ
	ﬃ	

	

>GO

ﬀGQ
ﬃ	
ﬂ
	&	ﬀ
ﬃ

!3ﬃ

	
"ﬁ0
ﬃ	 6
8

0 


ﬀ
# ﬂ
	%
5"
Jﬁ '
ﬃ
! 3
"%$*&*)
ﬀ

	
ﬀ
&


Q
!"
&	 "
ﬁML ﬂ
	&	ﬀ
ﬃ
! 
M(e+e-)
0 2 4 6 8 10 12
N
(ev
t)
0
20
40
60
80
100
120
Condition E28 :
Sans CPS
Avec CPS
M(e+e-)
0 2 4 6 8 10 12
N
(ev
t)
0
20
40
60
80
100
120
Condition E29 :
Sans CPS
Avec CPS
 oSL 
 
 
 

p

e/ﬁﬃ/?ﬂ1-ﬁ 9]6B&ﬂ :<ﬃ/9ﬁ>
E
U8 1-ﬃED31CB ;ﬂ%ﬀﬂﬁﬃﬀ 9 ﬃﬀ 9ﬁﬃ1-ﬁ U8ﬃJ%'B ;ﬁe+9 D3ED3J%'ﬃﬀ 1-ﬁ>
!Sﬁ +<ﬀ
gG
Dj!% D2 !J;( D ;%m/+ ;(:U8ﬃS% 6Dﬁ 9& Tﬁ& 
F
ﬀﬂﬁﬃ! #"$ %&ﬁ2'JI=5 W
	-	 ﬀ

ﬃ
#$#
C/

	
V	O


)
	
J


1-
	
MLF
ﬀﬂ	7ﬃ	
!

2/

	 ﬀ
#


&
ﬂ
	)	
)
	

ﬃ

ﬀ
#ﬂ
	)	ﬀ
!,$# 
&	-	
0
%
"
Jﬁ '
ﬃ
! 3
"%$'&
 
 ﬀ


	 ﬃ	
MLF/"
 ﬀ

&
)#

ﬂ
	
#
/

	 



ﬀ
# ﬂ
	)	ﬀ
!,$# 
& 	-	
ﬀﬁML
ﬃ"	
MLE+
ﬀﬂ	! 
ﬀﬂﬁﬃ! #"$ %&ﬁ2'JI&) 5 W
	-	 ﬀ

ﬃ
#$#
C/

	
V	OBC
)
	
 



1-
	
MLF
ﬀﬂ	7ﬃ	
!
2/

	 ﬀ
#


&
ﬂ
	)		

ﬃ

ﬀ
#ﬂ
	)	ﬀ
!,$# 
&	-	
0
%
"
Jﬁ '
ﬃ
! 3
"%$'&
 
 ﬀ

J

	

ﬀﬂ	

ﬃ

ﬀ
#ﬂ
	)	4
!,$#D
&	-	
0
%
"
	
/"
ﬀ

&
)#

ﬂ
	
#
/

	6 

	
8*1"
	
 
 
 
 
ﬀ
> 

	

&	4ﬃ
#

#2+$#
=	



ﬃ/	&	 ? 	
W
)+"
	
0
	
 
	ﬀQ	


ﬁ
9&,+
# 
"
)

BA
$#
ﬃ
 
KM
!"
& 	7ﬀ

ﬃ
#$#

Vﬀ&
	

VﬀGO
 

	"
)#
/

	 &	

ﬀﬂ	&
0h


ﬀ
# ﬂ
	)	&
!,$# 
&	-	
0
%
3"
Jﬁ '
ﬃ ! /
"%$*&
ﬃB%	 & 	
3# 
	
ﬁ


ﬂ
	ﬃ
3#
&
 !ﬃ)!)ﬃ$#
ﬃB+
ﬂ
	
 ﬂ
	

	-	

7ﬃ	
+3#
9ﬃ	 "

ﬃ
7
%
 +
ﬃ/	


/	 >



Z
EDFD
Z
ﬀ

O

	 ﬀ G 	

%
 !
&


3"ﬁ
	&

ﬃ/	@ED D



>

	 ﬀ G H  
K
(,(!!)ﬃﬁML
ﬀ

ﬃ
#$#

!ﬂ
	ﬀ
ﬂ
	ﬃ	
0
	
'JILK
	
 'JI
)
&	
+(!!)ﬃ

#I1"
&"
" +3#)+"
	
0
ﬃ
ﬁ
 &
 ﬂ
	
1
#
ﬃ

6	
8
	

# 
ﬀ
3"ﬁ21 ﬂ
	6 

+
(!3!
&
#
ﬀ
,$#
ﬃ

ﬀ
#
%	

	=ﬃB+

ﬃ

ﬀ
# ,$# 
"%$'&
%

ﬀﬂ	
ﬂ
	
 ﬂ
	

	-	

 ﬃ
"
	 &	
!
	

"
)

ﬁ
ﬀﬂ	

3#  ﬁ0
	

B 


Q
ﬃ	
ﬂ
	&	ﬀ
ﬃ

!ﬃ 
	
ﬁ
ﬃ	46	
8

0=
ﬃ

ﬀ
#ﬂ
	%
h"
Jﬁ '
ﬃ
! 3
"%$*&4)
ﬀ
0
	
&
> 

Q
!"
&	 "
ﬁML ﬂ
	&	ﬀ

! 

+ 	)2ﬁﬀ

ﬀ
#-ﬂ
	 ﬃB+



ﬀ
#D,$#
	

	

ﬀﬂ	1	

ﬂﬁ('
ﬃ ! /
"%$*&
	

	
#
&*&	
"
	
!"
&	
"
ﬁML ﬂ
	&	ﬀ
ﬃ
#

 ﬀ

		
,/
	

ﬃ
 !#
0/

	
"
	

	&*& 	

ﬃ

ﬀ
# ,$#  
ﬃ
ﬂ
	
^
%
:ﬂ
	
-ﬂ
	

	-/
#
/	
ﬁ # 
	
ﬁ
 

ﬃ

ﬃ
ﬂ
	ﬀ & 	

ﬀ
3
	-	

 
V
 8
)
!"1"
	 &


#D

#ﬂ
	
ﬂ
	-/
#  
&	
0
	
)
&	
ﬃﬁML
ﬃ"	 ﬃ
ﬂ
	ﬀ & 	

ﬀ
3
	-	

ﬃ"	
V ﬀ&
	

VﬀGO
	

ﬃ
#

# # ﬂ
	 ﬃB+
"
"

ﬀ

	
"


/
!( +(!!)ﬃ
%

V
ﬀ
>
/"
	
Eﬁ21
	
0ﬃﬁ
&
 !"
	
ﬂ
	5	
 ﬂ
	&	ﬀ
ﬃ

! 
	
"ﬁ0
ﬃ	 6
8
ﬃB+
"
"

ﬀ

	
"


>
)
!
ﬃ
ﬁ0)# 

#
ﬃ	
ﬀ
Q
%

ﬀ
>
Q
 
M(e+e-)
0 2 4 6 8 10 12
N
(ev
t)
0
50
100
150
200
250
Condition E26 :
Sans CPS
Avec CPS
M(e+e-)
0 2 4 6 8 10 12
N
(ev
t)
0
20
40
60
80
100
120
140
160
180
Condition E27 :
Sans CPS
Avec CPS
 oSL 
 
 
 
ﬀ
>


e/ﬁﬃ/?ﬂ1-ﬁ 9]6B&ﬂ :<ﬃ/9ﬁ>
E
U8 1-ﬃED31CB ;ﬂ%ﬀﬂﬁﬃﬀ 9 ﬃﬀ 9ﬁﬃ1-ﬁ U8ﬃJ%'B ;ﬁe+9 D3ED3J%'ﬃﬀ 1-ﬁ>
!Sﬁ +<ﬀ
gG
Dj!% D2 !J;( D ;%m/+ ;(:U8ﬃS% 6Dﬁ 9&

ﬁ& 

F
K
"
ﬀ

ﬀ &
"
	
)
&	9ﬀ
#
%	

	 ﬃ	 ﬃ
ﬂ
	ﬀ
3
	

ﬀ
3
	-	

ﬃ"	-
ﬁ
ﬃ
ﬁ01"
	
#2!
&	

ﬃ

ﬀ
# ,$#
ﬂﬁ('
ﬃ ! /
"%$'&
A

ﬀﬂ	
AX



ﬂ
	&	ﬀ
ﬃ

1 ﬂ
	
$#
/

	
ﬁML3#

	
ﬁML


	

 ﬀ
!
	

	
/
	

ﬃ	
ﬂ
	ﬃ
#2
	 	)2ﬁﬀ

ﬀﬂ	-	
0
&	
ﬃﬁML
ﬃ	ﬃ
ﬂ
	ﬀ & 	

ﬀ
3
	-	

)


	ﬀ
"
	 "
)#*+
&	
!
	
ﬃ
	ﬃB+ 	)2ﬁﬀ

ﬀ
#ﬂ
	 ﬃ	ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0


ﬃ	

)#

ﬂ
	&	ﬀ
ﬃ
! 
  
ﬂ ﬁ '( ﬀ @ﬀ

ﬀﬃ<  !ﬂ

 UH )ﬁﬀﬃﬂ


'ﬃﬂ

	
+
ﬃ"	 ﬀﬂ	
/
	 /	ﬀ
$# 
	

ﬃ"	&

	

/

	0&
 !#
/	F	

ﬀ


!
	0ﬃ	
#D
"
)

,$#
 ﬃ
 
KM
ﬃ
ﬁ
 &


ﬂ
	
03
ﬃ	 ﬃ"	 &
 ﬃ
	
)


ﬂ
	&
#)
	 &
=ﬂ
	

&
"$#
	
 ﬂ
	

	
 1
#
	 ﬃ	
ﬂ
	&	ﬀ
ﬃ
 ﬃ	F"
)#2+
&	
#

!
& 
# 
ﬁ


	

/	
)
ﬀ

"
)

ﬂ
	-	
5ﬁMLE)+H^
	ﬀ
$#
" 
# 3#$# ﬁML
ﬃ"	 ﬃ
ﬂ
	

	ﬀ

	
"
7ﬃ	
!3#
	ﬃ
A
ﬃ	
A:1
	
$+
	! 
SUTT-, . 7
6
W
132
9=^I?
1
\
6
\ 7
6
\
6
;IE3?
6
4
6
W 7
6:276
Y#^R;
1
\ Z
1
9 W 4U]\ W
2
]fW ?XZ 9
2
]'^I?
1
\
\

!+
# 0-ﬂ
	

	ﬃ/	
#
ﬀ
#
%

&:+ 	
$#

,$#
ﬃ
;1)# 

"
&
 ﬂ
	

&
$#
	
 ﬂ
	

	
01
#
	,ﬃ	
ﬂ
	& 	ﬀ
ﬃ
ﬃ	
+
ﬃ/	
ﬂ
	

	
01
#
	*	
 $#
&
#

ﬁ
& 	

KUM
 
K
"
ﬀﬂ	&

)
&:+
ﬁ"
&

/	*
3#

ﬁ0
	
 ﬂ
	
-ﬂ
	 	IH	ﬀ
ﬃ ﬂ
	)	
"#
/

	-	
 

	ﬀ ﬃ	

)#

ﬂ
	&	ﬀ
ﬃ

!3ﬃ

	
"ﬁ0
ﬃ	
!ﬃ
ﬀﬂ	ﬃ

 6	
8

N
 


 

	
ﬂﬁ('
ﬃ ! 3
"%$'&
	
Q
ﬃ

ﬀ
#ﬂ
	&%

&,+
ﬂ
	&	ﬀ



>6>
	ﬀ


#9!(
&
 !ﬃ
ﬀ
ﬂ
	ﬃ
"
	ﬃ
ﬂ
	ﬀ
# 
	
ﬁ"!(  ﬁ0
 

+
ﬂ
	

	
01
#
	 ﬃ	
ﬂ
	&	ﬀ
ﬃ


	ﬀ


#

!(
&


ﬂ
	
03
ﬃ	 ﬃ	 &
4ﬃ"
	U	

ﬀ

&*ﬀ

&
ﬂ
	)	 %
4!($#2
ﬃ	 &:+
ﬂ
	

	
01
#
	
ﬃ
ﬂ
	
!

ﬂ
	)	 ﬃ
ﬁ
=&	,ﬀﬂ	&*&

&	
ﬂ
	&	ﬀ
$# ﬂ
	)	
!(
&,+

&
1ﬁ)#03
	 ﬃ	 &
 ﬃ
	6 

	
ﬂ
	

	
01
#
	 h
0

	
1)"! ﬂ
	)	
!"
ﬀ
3"
/

	ﬁﬀ

ﬀ
3
	 ;ﬃ

ﬀ

&
)#
 %	

	
ﬂ
	&	ﬀ
ﬃ

1 ﬂ
	
$#
/

	6 
H
& "
ﬁ
	


#
	
!
	

ﬃ

	3	

ﬀ


!
	 & 	 ﬃ
#
;ﬂ
	

	
0
4ﬀ

	)2ﬀ
#
	



	&
# ﬁ0
&,+
ﬂ
	

	
01
#
	 ﬃ
ﬂ
	
!

ﬂ
	)	ﬃ
ﬁ
 ﬀ
3"
/

	&


A
ﬃ
ﬂ
	

	ﬀ

	
"
%

&:+
ﬂ
	

	
01
#
	
 )#
	,ﬃ	&,+
ﬂ
	&	ﬀ
ﬃ
 

	ﬀ

	)2ﬁﬀ
#
	
0
4
0
	&
#ﬂ
	
ﬁ
ﬃ
ﬂ
	

	&
)!3!
	-	

ﬃ	ﬁ&
71
	
$+
	ﬁﬃ
ﬁ
&	 
,ﬂ
	
#Dﬁ
	

ﬃ

# 
	

ﬀ


!
	

/	

ﬃ	
!
	
ﬃ
	4ﬃB+
ﬂ
	

	
 1
#
	Q	
 

0
ﬃ	

4ﬃ
ﬂ
	

	ﬀ

	
"
- 
V
L8
)
&
 ﬂ
	

&
"$#
	

ﬂ
	

	
01
#
	 ﬃ"	
ﬂ
	&	ﬀ

C

?/	

	
$#

ﬂ
	)	=%
 !($#2
ﬃ"	7&,+
ﬂ
	

	
 1
#
	

	ﬀ


3#
		

ﬃ	&,+
ﬂ
	

	
01
#
	
 )#
	 ﬃ	
&,+
ﬂ
	&	ﬀ

 

	
!
	

ﬃ
ﬁ0
)
ﬀﬂ	 ﬃ	
  # 
"
)

,$#


	1
 !

#
ﬃ	
0$#
/

	

ﬃ	 ﬀ
)$
	ﬀ
$#
U

&:+
ﬂ
	

	
01
#
	
	
"ﬂ
	)	 
0 ﬂ
	ﬀﬂ	ﬃ
)#*
	! 

+
ﬂ
	

	
01
#
	 ﬃ	
ﬂ
	&	ﬀ
ﬃ


	ﬀ


3#

!(
&


ﬂ
	
03"
ﬃ	 ﬃ	&
 ﬃ
	4!+
ﬂ
	ﬀ
#J
 


%
   C
  
G

   Y

	 ﬀ

	)2ﬀ
#
	

 ﬃ	
 ﬁ
& 	

	

	
V
 
_
	

V
C

0 ﬂ
	
1ﬁ 
%



!3#
0/

	 & 	 ﬀ

&
)#
 %	

	

ﬃ
ﬂ
	
^
%
 ﬂ
	
-ﬂ
	
ﬀ

&
#*+ﬂ
	6 
K
(
ﬀ

	
)

#
&,+
ﬂ
	

	
 1
#
	7ﬃ

ﬂﬁ('
ﬃ ! /
"%$'&
	
 9^/-ﬂ
	)	
)
&

ﬀ


!
	


,$#
ﬃ	
!
	

	 ﬃB+
ﬂ
	

	
 1
#
	


ﬁ0
& 	 ﬀ

&
)#
 %	

	/	

	
!)ﬃ
	 

&,+
ﬂ
	

	
01
#
	.	
ﬂ
	)	 ﬃ

ﬂﬁ('
ﬃ
! 3
"%$*&
 

+
ﬂ
	

	
01
#
	 ﬃ	
ﬂ
	& 	ﬀ
ﬃ
h/	
ﬀ

&*ﬀ

&	

&
)
4ﬀ

		

 


%
>

/
 

"

>


/
 

C
 

G

 

Y

	
!
#
ﬃ"4

ﬀﬂ	
 
/
#
ﬃ
"
	
"
	7	
#
&*&	

	
ﬂ
	

&
"$#
	
 ﬂ
	

	
01
#
	
ﬁ ﬂ
	&	ﬀ
ﬃ

!

	
"ﬁ0
ﬃ	6	
8
/
>ﬁﬀ
 

+
ﬂ
	

	
01
#
	ﬃ	&,+
ﬂ
	&	ﬀ
ﬃ
ﬃ
ﬂ
	
!
	

ﬃ 
)# 0
	
"ﬁ0
ﬃ

ﬀ
3
#ﬂ
ﬃ

ﬂﬁ('
ﬃ ! 3
"%$'&
 ﬃ	
"
	

/	-	
0
)
&	 
ﬁ

)#
/	

ﬃ

ﬀ
# ,$# 
ﬁﬃ	
ﬂﬁ('
ﬃ
! 3
"%$'&

0ﬁ(
		

&,+
#

!
ﬀ


"
&
 ﬂ
	

&
"$#
	
 ﬂ
	

	
01
#
	
ﬃ	
ﬂ
	& 	ﬀ
ﬃ
 

	

ﬃ

ﬀ7"
)#2+
&	6 
V

	


	

)
&	,ﬀ

.ﬃ	&
ﬁ

)#
ﬃ	

ﬃ

ﬀ
# ,$#
ﬃ"	
ﬂﬁ('
ﬃ ! 3
"%$'&

	
!3ﬂ
	/	

	
0
	


#2

 
ﬃ"	

)#

ﬂ
	&	ﬀ

	

	

 !
ﬃ	5"
ﬁ  ﬂ
	& 	ﬀ
ﬃ
$

- 

	 ﬃ"	
#
	

ﬀ
3#ﬂ
 
	 	
 !
&


ﬂ
	&	

ﬂ
	
!#
0/

	 &



&
$#2!
&
#
ﬀ
#-ﬂ
	(	
 
ﬀﬂ	(	

	

ﬂﬁ('
ﬃ
! 3
"%$*&
	
.+
	
ﬁ
ﬀ
! !
&


1)ﬁ
ﬃ	ﬃ
ﬁ
4&	ﬀ

 ﬃ	C"
ﬁ  ﬂ
	&	ﬀ
ﬃ
! 

	
8*1"
	
 
 
/
 
ﬀ 

	

 
 
/
 
ﬀ6ﬀ


	
0
&	 ﬃ
#ﬂ
;ﬂ
	

	

ﬀﬂ		
0
	
ﬂ
	

	
01
#
	

	ﬀ


# 
	
V
i 
	
 ﬂ
	

	
01
#
	

)#
	
V
Z]\+^T_
	

"

ﬀ
$#
ﬃ	 &,+
ﬁ21
&	 ﬃB+
#D
ﬀ
#
ﬃ	

ﬀﬂ	 ﬃ
ﬁ
 &	 ﬃ
ﬂ
	

	ﬀ

	
"
O
i 
	

&,+
ﬂ
	

	
01
#
	

)#
	 ﬃ	
&,+
ﬂ
	&	ﬀ

)
!"
ﬃ	
ﬂ
	&	ﬀ



	ﬀ


#

!(
&


ﬂ
	
03
ﬃ	0ﬃ	 &
 ﬃ
	 
ﬁ
	
$

	ﬀ

KM
 

	
ﬃ
#
;ﬂ
	

	

ﬀﬂ	 ﬃB+
ﬂ
	

	
01
#
	

	$
 !
 ﬀﬂ	
0ﬂ
	)	
ﬁ/"
ﬃ	
>
 
-
	
!
&


)
	&*&	 ﬃ
ﬂ
	
!
	

ﬃ"	

ﬃ"	ﬁ&
 !
/	

ﬃ
 A
(! #
ﬃ
#ﬂ
	h	

ﬃ	&,+
ﬂ
	

	
 1
#
	

)#
	ﬃ	 &:+
ﬂ
	& 	ﬀ
ﬃ
 
-
	C"

ﬀ

	
"
4ﬀ
)
	ﬀ
$#
"  
0
ﬀ

&'ﬀ

&
ﬂ
	1	

"

ﬀ
$#
ﬃ	&	
"
 ﬀ
(+
ﬀ
-ﬂ
	
#

$#
/

	

	ﬀ


#
	
V
i 
	

O
i 
 
K
"
O
i 
8 ﬂ
	
)
&
 
	&
,$#
	

	
ﬂ
	

	
01
#
	

)#
		
 ﬂ
	

	
01
#
	

	ﬀ


# 
		

&
#  ﬂ
	
)#*
	
J
&

"
)
	ﬃ	;ﬀ
)$
	ﬀ
$#
ﬀ

 &

"
)
	

 


ﬃ
#"$"
7+O
H
%
 


7+O
H&%('
7+O
H
)
7+O
H
-
	C"

ﬀ
$#



ﬂ
	
#
/

	1	

O


	


#
	
9^ﬃ

ﬂ
	)	5
"
&	


&	
"
*'
7+O
H 	

)
7+O
H
!"1)+
	
#2
ﬃ	 ﬀ
)$
	ﬀ
$#
 ﬀ
0$# 0
	 	

"

ﬀ
$# 
ﬃ	
O
 

	
8*1
	
 
 
/
 
ﬀ
ﬀ
	

 
 
/
 
ﬀB 

0
	
0
ﬀﬂ	."

ﬀ
$#

9^ﬃ

ﬂ
	)	 
"
&	


&	
"
+'
7+O
H	

)
7+O
H  
M
ﬁ

"$#
&
#
/	

&,+
ﬂ
	

	
 1
#
	;ﬃ
ﬂ
	
!

ﬂ
	)	 ﬃ
ﬁ
 &	 ﬃ
ﬂ
	

	ﬀ

	
"
 ﬃ	
! #
	ﬃ"
A
ﬃ	
A:1
	
+
	
)
&	 "

ﬀ

	
"
ﬀ
)$
	ﬀ
$#
"ﬀ	

	
ﬂ
	

	
01
#
	

+)#
	*	
 
	ﬀ


#
	E	

ﬃB+ 	


#*ﬃ
C

>

>
/
	

&	


>


ηtrueSEM 
-1 -0.5 0 0.5 1
 
(G
eV
)
ro
a
d
-
E
tr
ue
E
-5
-4
-3
-2
-1
0
1
ηtrueSEM 
-1 -0.5 0 0.5 1
 
(G
eV
)
ro
a
d+
CP
S
-
E
tr
ue
E
-5
-4
-3
-2
-1
0
1
   
 
/
 
ﬀ 


	 


ﬀ
	
ﬁﬂﬃ "!
	
#

;


ﬀ
	

<
ﬂ$
	

&%')(ﬂ*
,+-ﬃ./0
	
ﬃ
D


;
U132

	54
! 
 6
ﬃ.!7
D


089ﬂ0ﬂﬃ:ﬂﬂ"ﬃ. !
	

6
$;8<$>=


1
ﬃ
D

D
?8<$
ﬂﬃ!@#?$ 
>7A
$
ﬀB$.! 
1

@
&$
<

gG
>A
$
D
ﬂﬃ
	
#
@C
 (GeV)trueE
0 2 4 6 8 10 12 14 16 18 20
 
(G
eV
)
ro
a
d
-
E
tr
ue
E
-5
-4
-3
-2
-1
0
1
 (GeV)trueE
0 2 4 6 8 10 12 14 16 18 20
 
(G
eV
)
ro
a
d+
CP
S
-
E
tr
ue
E
-5
-4
-3
-2
-1
0
1
   
 
/
 
ﬀ6ﬀD
E	 
ﬂ/" ﬂ

5ﬀ
	
Fﬂﬃ "!
	
#

;


ﬀ
	

<
ﬂ$
	

G%0')(ﬂ*
+-ﬃ0
	
ﬃ
D

G%')(ﬂ* 
6
ﬃ!@
D


089ﬂ0Hﬃ 
ﬂﬃ!
	

6
$I8<$J=


1
ﬃ
D

D
>8<$JHﬃ!@#>$ 
>7A
$ﬀB$!
1

@
K$
<
ﬂ
gG
>7A
$
D
Hﬃ
	
#
@C


>
ﬀ
ﬃﬂ
	ﬀ

&
1
		
 ﬂ
	

	
01
#
	 	

ﬃB+ 	
  #*ﬃ



 
>6>
5
	5 ﬀ


	ﬀ & 	

KM )
&	F"

ﬀ

	
"
ﬀ
)$
	ﬀ
$#
"=	
0
	
ﬂ
	

	
01
#
	
 )#
	Q	
 
	ﬀ


+#
	Q	
 !
&


!3ﬃ
ﬀ
3
	 ﬃ	


	

& 	 ﬃ
ﬂ
	ﬀ

&
1
	3	
;ﬂ
	ﬃ
#
ﬃ	.

#$# ﬂ
	6 ﬀ


ﬀ
"
	 ﬃ
#ﬂ
;ﬂ
	

	

ﬀﬂ	

# 1#98
ﬀ
,$# 
	
)
ﬃ
ﬁ
7ﬀﬂ	7ﬀ
)
	ﬀ
$#

)

+
 ﬂ
	
-ﬂ
	
)+
ﬃ	
  ﬂ
	)	3	
0
	 & 	
!
ﬀﬂ	ﬃ

 6
8
	

1

+

+
J
#
&  
0
ﬃ

ﬀ
ﬂ
	
"#
?	
 
/	

&
ﬂ
	ﬀ
3ﬁ$#
&'&

ﬃB+
ﬁ
&

ﬃ	6 
|SEMη|
0 0.2 0.4 0.6 0.8 1 1.2
|)
SE
M
η
A(
|
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
-0
|SEMη|
0 0.2 0.4 0.6 0.8 1 1.2
|) (
Ge
V)
SE
M
η
B(
|
0.6
0.65
0.7
0.75
0.8
0.85
0.9
0.95
1
 M 
 
/
 
ﬀ
ﬀ
 
$ 89!@
D

 >7A
$;ﬀB$!
1

@
	

8>7A
$
D
ﬂﬃ
	
#
@ 6
ﬃ!@
D


089ﬂ0ﬂﬃ. Kﬂﬃ""!
	

6
$K8<$E=


1
ﬃ
D

D
I8<$Jﬂﬃ!@#>$
gBG
C
$Fﬃ!@" " 8<$ +-ﬃ/0
	
ﬃ
D
$0!@#=  !@
	
8
	


 
C
|SEMη|
0 0.2 0.4 0.6 0.8 1 1.2
|)
SE
M
η
A(
|
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
-0
|SEMη|
0 0.2 0.4 0.6 0.8 1 1.2
|) (
Ge
V)
SE
M
η
B(
|
0.7
0.75
0.8
0.85
0.9
0.95
1
 M 
 
/
 
ﬀB   
$ 89!@
D

 >7A
$;ﬀB$!
1

@
	

8>7A
$
D
ﬂﬃ
	
#
@ 6
ﬃ!@
D


089ﬂ0ﬂﬃ. Kﬂﬃ""!
	

6
$K8<$E=


1
ﬃ
D

D
I8<$Jﬂﬃ!@#$
<
ﬂ
G
C
$ ﬃ!@  8<$;+0ﬃ/0
	
ﬃ.
D
$0!@#=  !@
	
8
	


 
C

	
8*1
	
 
 
/
 
ﬀ
/
	

 
 
/
 
ﬀ&


	

&	 ﬃ
#ﬂ
;ﬂ
	

	

ﬀﬂ	 	

	
ﬂ
	

	
01
#
	

	ﬀ


3#
	  


	

ﬂ
	

	
01
#
	

)#
	  
"
e	

"

ﬀ
$#
ﬃ"	 &,+
ﬁ*1
&	 ﬃB+
#D
ﬀ
#
ﬃ	

ﬀﬂ	 ﬃ
ﬁ
7&	 ﬃ
ﬂ
	

	ﬀ

	

O


	

&,+
ﬂ
	

	
01
#
	

)#
	
ﬃ	 &,+
ﬂ
	&	ﬀ
ﬃ
)
!"
ﬃ	
ﬂ
	&	ﬀ
ﬃ


	ﬀ


#

!(
&


ﬂ
	
03
ﬃ	 ﬃ	 &
ﬁﬃ
	
ﬁ
ﬀ	
5

	ﬀ

KM
 

	
ﬃ
#
;ﬂ
	

	

ﬀﬂ	 ﬃB+
ﬂ
	

	
01
#
	h


)# 0
	
"ﬁ0
ﬀﬂ	
0ﬂ
	)	
ﬁ/"
ﬃ	
>
)
ﬀﬂ	 /
3#3!
	

	

ﬃB+
ﬂ
	


&

	

&
ﬂ
	

&
"$#
	
 ﬂ
	

	
 1
#
	

ﬃ

ﬀ
# ﬂ
	)	7%

ﬀﬂ	
ﬂ
	&	ﬀ
ﬃ
- 

+
ﬂ
	

	
01
#
	=ﬀ
)$# 1>ﬂ
	)	3	

ﬃ
#

#2+ ﬂ
	)	 ﬃ	
ﬁ#
%	

	
1ﬁ
ﬃ
#
	
"
	 ﬀﬂ	
0ﬂ
	)	
ﬁ/"
ﬃ	 &,+
ﬂ
	

	
01
#
	

)#
	 ﬃ	
&,+
ﬂ
	&	ﬀ

 

	
!
	

ﬃ
ﬁ0
)
#
&
(!3!( 
T

ﬃ	L/

	

	 ﬃ	,ﬃ
#

#2+"$#

 1ﬁ
ﬃ
#
	
"
	
!"
& 	F"
)#2+
&	
ﬂ
	

	
01
#
	

	ﬀ


3#
	! ﬀ &*&	

	h
0 !

!3#
/	 	

ﬀ


!"
	
!"
&:+ 	
$#

,$#
ﬃ	 &
 ﬂ
	

&
$# 
 

	
ﬂ
	

&
$#
 	
 ﬂ
	

	
01
#
	 

	
#)# 
	 ﬃ	 &:+
ﬁ/


	-	
 1ﬁ
ﬃ
#
	

ﬃ
ﬁ
 &
 !
&
1
	

Z\ ^T_
%



/ﬃﬂ

i 
ﬂ

Z]\+^T_ 
 

	
ﬁ 
ﬃ
#

#2+$#
5	
5ﬂ
	

	
01
#
	

	ﬀ


3#
	 ﬀ
)$#I1>ﬂ
	)	! 


8*1
	
 
 
/
 
ﬀ



	 ﬀﬂ	
ﬂ
	

&
ﬃ,
 "!
 
;
#%$
')' &
 
%')(ﬂ*


	ﬀ4	


ﬁ
 &

ﬀ
#2+$#
ﬃ
 
KUM
 

	
!(
 %	

	
ﬀ
)$
	
!
ﬃ
ﬁ0hﬁ +# 
7)(
H
)
%

&,+
ﬂ
	ﬀ
3"ﬁ$#
&*&
""1
	
7+*
H5	

%

&:+
ﬂ
	
ﬃ
&
""1
	
7+,
H7ﬃ

ﬀ

&
)#
7%	

	$
0


>
ﬀ
ηtrueSEM 
-1 -0.5 0 0.5 1
 
(G
eV
)
ro
a
d+
CP
S
-
E
tr
ue
E
-4
-3
-2
-1
0
1
2
3
4
ηtrueSEM 
-1 -0.5 0 0.5 1
 
(G
eV
)
ro
a
d+
CP
S
-
E
tr
ue
E
-4
-3
-2
-1
0
1
2
3
4
 . 
 
/
 
ﬀ
/


	 
ﬂ/" 

5ﬀ
	
ﬂﬃ "!
	
# ﬃ"
	
ﬀ

 

; 
# $
')'


/5ﬀ
	

<
ﬂ$
	

 %')(ﬂ*
+-ﬃ/0
	
ﬃ
D


;
61@2

	54
! 
 6
ﬃ!@
D


089ﬂ0ﬂﬃ. Iﬂﬃ "!
	

6
$.I8<$ =


1
ﬃ
D

D
I8<$ Hﬃ!@#>$ 
>7A
$ﬀB$!
1

@
 $
<
ﬂ
G
>A
$
D
Hﬃ
	
#
@C
 (GeV)trueE
0 2 4 6 8 10 12 14 16 18 20
 
(G
eV
)
ro
a
d+
CP
S
-
E
tr
ue
E
-4
-3
-2
-1
0
1
2
3
4
 (GeV)trueE
0 2 4 6 8 10 12 14 16 18 20
 
(G
eV
)
ro
a
d+
CP
S
-
E
tr
ue
E
-4
-3
-2
-1
0
1
2
3
4
 . 
 
/
 
ﬀ& 

	 
ﬂ/" 

5ﬀ
	
ﬂﬃ "!
	
# ﬃ"
	
ﬀ

 

; 
# $
')'


/5ﬀ
	

<
ﬂ$
	


%')(ﬂ*
+-ﬃ/0
	
ﬃ
D

8


/5ﬀ
	

<
ﬂ$
	

 6
ﬃ!@
D


0890Hﬃ >ﬂﬃ""!
	

6
$.8<$ =


1
ﬃ
D

D
8<$ ﬂﬃ!@#$ 
>7A
$JﬀB$.! 
1

@
 $
<
 
G
>A
$
D
Hﬃ
	
#
@C


>
 
ﬁﬃ

ﬂ
	
"
&

ﬃ
#

#2+$# $)+"
	
#
	
!(
&

"
)


&	&
#  ﬁ
	

 
7
 


ﬃ
#"$"
H
  
"

%
,
(
 


ﬃ
#"$"

*
.
 


ﬃ
#"$"

	
ﬃ(+
&	
ﬁ
 
 
/
ﬃ
"
	 &	
!(
7%	

	

ﬃ

ﬀ
#ﬂ
	 %

&
9ﬂ
	

&
$#
	
 ﬂ
	

	
01
#
	 ﬃ

ﬀ

&
)#
 %	

	6 

	

	

	 &
# ﬂ
	
%
4"
	A
ﬁ  )#
/	 ﬀ

&
#*+,$#
ﬃ	 ﬀﬂ	&'&

&	 ﬃ

ﬀ

&
)#
7%	

	5	

"
)#2+
& 	
7
ﬀ


!,$#2+
&	
 
	ﬀ > H  

	

	

	
ﬃB+
ﬂ
	ﬀ
3"ﬁ$#
&*&
""1
	ﬀ

ﬀ


!,$#2+
&	=	
0
		
 
)
+3#
	

/

	
!
&


ﬂ
	&	
 ﬂ
	
 
	ﬀ7&

ﬀ
0#2+$# 
ﬃ
 
KUM

ﬀﬂ	&

	

ﬃ

%

&,+


!
&
# 8
ﬀ
,$#
ﬃ	(

ﬀ
ﬃ",$# 
h
"
&,+
ﬂ
	

	
01
#
	,ﬃ
ﬂ
	
!

ﬂ
	)	.ﬃ
ﬁ
 &	

KM )
!
ﬃ
ﬂ
	
ﬂ
	)	
!(
"
"

ﬀ

	
"
>

/
 ﬀ
 8
)
&

ﬀ
0#2+"$#
ﬃ

ﬀ

&
)#
 %	

	
)
!
&


+ﬁ0
/

	 &	

KM )
1ﬂ
	
-ﬂ
	 ﬃ
#

# # ﬂ
	)	

ﬀﬂ	&

ﬃ	
ﬂ
	
!
	

ﬀ

	 

&	

	

	 ﬃ"	
+#
)
!
&

 "
)#2+
&	
 
	ﬀ &	

KM
 


# 

#
)

#
&,+
ﬂ
	

	
01
#
	 ﬃ	
ﬂﬁ('
ﬃ ! 3 ﬃ
"%$'&
	
 !3#
/		

ﬀ


!
	 ﬃ
ﬁ
 &


ﬂ
	
03
ﬃ	 ﬃ	 &
 ﬃ"
	
 
	ﬀ &	
!
#
ﬃ"
(!!3ﬃ)!# ﬂ
	
)
&
 ﬂ
	

&
$#
	
 ﬂ
	

	
01
#
	ﬁﬃ	
ﬂ
	& 	ﬀ
ﬃ
L

&	
 

ﬂ
	&
#)ﬂ
	)	ﬃ	


> %


&  )
!"
"
	
1
 	Q	
 ﬂ
	

	
 1
#
	 ﬀ


!#
/	h	

	
ﬀ
	



>

	. 
  
@ 
 
/

 /

 
ﬃ I"  ﬂ
Qﬁ
NN

B 
	
"

 I"  

F

N PL
ﬁGﬁ
NN

B 	
&
 ﬂ IK /
'
LP	
 
ﬃ ﬃ
J
L 
ﬃ -
 ﬁ
' 
ﬃ
Qﬁ('
PL

N
I
'   ﬁ
 L

- J	> 

6'
0IK 
ﬃ  
ﬁ
 

	

N;ﬃ
6'
ﬃ	
ﬀ
ﬂ
  
"

ﬂ


>






 
N

NO IK ﬁ6	
8
 ﬂ
N
 
 
 
N;ﬃ 	
'
LGGﬃ



ﬁ
 
 ﬂGF

IK IK 
ﬁ

'
! ﬃ

N;ﬃ  J


 
 ﬁ ﬀ
NO	 L7
'
PL

N#I
',"%$*&

 ﬁ ﬂ
/
"
&
#ﬂ
	ﬃ	 &:+
ﬁ


	-	

7

H
7ﬃ

	*H
7

	;H  !G

ﬃ2"
ﬁjﬁ

! "ﬁ
ﬀ



ﬀ
 > >

ﬀB  ﬀ

>
 >6>
 
>

ﬀ
/

>
 >
>
/

/

/



	ﬀ
! "ﬁ
>


>

ﬀ
>

ﬀ
/
ﬀ

>
 >6> >


>

>
 >
 &

>

/
 (GeV)vraieE
2 3 4 5 6 7 8 9 10
(E
)/E
σ
0
0.05
0.1
0.15
0.2
0.25
 Sans CPS
 Avec CPS
   
 
/
 
ﬀ

$#

ﬃ 8 !@
	
ﬃ

/5ﬀ
	

D

<
ﬂ$
	


089ﬂ0ﬂﬃ. 
ﬂﬃ!
	

6
$E8<$I=


1
ﬃ
D

D
?8<$Iﬂﬃ!@#
$
<
ﬂIG$  &%
G

 $
6

A
>"ﬃ.ﬂ0
	
ﬃ 

ﬀ
	

C
SUTT(' )+*
6
W,-/.=^10/,
\
6
\2*
6
\
64315
0
67656
W8*
6
-
6
Y#^
3
, \eW ]
6
Y9-
6
W
6
,
\e\:*
686
W29';

+
)+ﬀﬁ
	ﬀ
$#
" 	


)# 0
	
"ﬁ0
ﬃ	L	
"
	

&	
1)# 
	
 ﬂ
	

&
$#
	
 ﬂ
	

	
01
#
	
"
&	 ﬃ
" ﬂ
	)	
ﬂ
	)	&'&	
>=4;
 
ﬂ




 
0ﬂ
	;/

	
)
ﬀ
+)#2
	-	
0 ﬁ 
ﬃ
" ﬂ
	)	
=/?
)
&	 ﬃ
" ﬂ
	)	
>=; !
	


	
0 
	

	
	
!
&

#ﬂ
	)	
!'
/
"ﬁ0$#98
	

&,+
#

!
ﬀ

ﬃ"	 &,+
ﬁ/
ﬃ	
#D
"
)

,$#
4ﬃ
 ! "ﬁ
 
H
ﬀ
#
)
&,+ 	


	

ﬃ"	&,+
ﬁ "
ﬃ

! !ﬁ

ﬃ
	

	7	
"ﬂ
	F
"
&

&
( 1
	
"
	
!9ﬂ
	
#
	
ﬃ
&	.ﬃ

6
8)
!#
0/

	,&,+
 
	
!
	
!
 ﬀ
" 
T

	
&,+
ﬂ
	

	
 1
#
	

)#
	 ﬃ"	&,+
ﬂ
	&	ﬀ
ﬃ
 



ﬂ
	
03"
ﬃ	 ﬃ	&
ﬂ
	&	ﬀ
$#
ﬃ	
ﬂ
	

ﬂ
	

	-	
0
 6
8
$#
&
#

ﬂ
	)	
#
ﬀ
#
	

ﬃ
ﬂ
	ﬀ
#
	
ﬃ
ﬁ
4&
 !(ﬃ$#
	
 
 
ﬀ
 
ﬀ
 
ﬀ
 


>
/
+
ﬁ "
ﬃ	 &,+
ﬂ
	

	
01
#
	 ﬃ
 
'	

 %

&,+
ﬂ
	

	
01
#
	 ﬃ	
ﬂ
	&	ﬀ
ﬃ


	ﬀ


#

 ﬂ
	ﬀﬂ	ﬃ
# 
	/

	& /

	


ﬃ
#98
ﬀ
,$#
 ﬃ"	7&,+

&
1ﬁ)#03
	7ﬃ	ﬀ

	
)
/

	



&*&

 ﬃ
ﬂ
	
ﬃ)#
&*&	

 
R
"
ﬃK+
(+')
ﬃ
)
#
& "
ﬁ

  
#2
/

	
&,+
ﬂ
	

	
 1
#
	 ﬃ	
ﬂ
	&	ﬀ



	ﬀ


#

!(
&,+

&
1ﬁ)# 03
	 ﬃ	 ﬀ

	 	

ﬀ

&*ﬀ

&
ﬂ
	)	 %
 !(ﬃ$#2
ﬃ	0&:+
ﬂ
	

	
01
#
	
ﬃ
ﬂ
	
!

ﬂ
	)	 ﬃ
ﬁ
 &	.ﬀ

&
)#
 %	

	 ﬃ
ﬁ
 ﬀ
3"
/

	.ﬀﬂ	&'&

&	E
ﬂ
	&	ﬀ
$#" ﬂ
	)	6 

	
ﬂ
	

	
01
#
	    
0
	


#
	

	
1)"! ﬂ
	)	
!"
ﬀ
3"
/

	0ﬀ

ﬀ
3
	  ﬃ

ﬀ

&
)#
 %	

	
ﬂ
	&	ﬀ


1 ﬂ
	
$#
/

	6 J

	 "

#
	/

	 ﬀﬂ	ﬁﬀﬂ	&'&

&	

0 ﬂ
	
ﬃ
&
" ﬂ
	)	
)
&,+
ﬂ
	

	
 1
#
	.ﬃ
ﬂ
	
!

ﬂ
	)	
!(
ﬀ

ﬀ
3
	 ﬃ

ﬀ

&
)#
 %	

	F	

ﬀ
)$#I1 ﬂ
	)	
!"
ﬀ


!
	

/	

ﬃ	
!
	
ﬃ
	4ﬃB+
ﬂ
	

	
 1
#
	&	
 

0
ﬃ	 


A
ﬃ
ﬂ
	

	ﬀ

	
"
! 
 8
)
&	;ﬀ
)$
	ﬀ
$#

1 ﬂ
	


ﬂ
	
#
/

	ﬀ	

&	4ﬀ
)
	ﬀ
A
$#
 ﬃK+
ﬂ
	ﬀ
3
	&*&	ﬃB+
ﬂ
	

	
 1
#
	
ﬂ
	&	ﬀ
ﬃ

1 ﬂ
	
$#
/

	
1(!!
&
#
/
 ﬂ
	)	 	

"

ﬀ
$#
ﬃ	&,+
ﬂ
	

	
 1
#
	h	

ﬃ	&,+
ﬁ21
&	
ﬃB+
#D
ﬀ
#
ﬃ	

ﬀﬂ	 ﬃ	&,+
ﬂ
	&	ﬀ

ﬃ
ﬁ
4&	ﬃ
ﬂ
	

	ﬀ

	
"
 

 
	
!
	
"ﬁ
&	
ﬁﬃ,$#
 ﬃ	ﬁ&
 !(ﬃ$#
	
!ﬂ
	ﬀ
ﬂ
	ﬃ	
0
	
)
&,+
ﬂ
	

	
01
#
	ﬁﬃ	
ﬂ
	&	ﬀ



	ﬀ


# 

!(
&,+

&
1ﬁ)#03
	ﬃ	ﬀ

	 !+
ﬂ
	ﬀ
#*
 
ﬃ
 "$"
%

7
   C
  
G

   
   
 
C
H

%

 
ﬃ
#"#"
	

&,+
ﬂ
	

	
01
#
	ﬃ"	 &:+
ﬂ
	& 	ﬀ
ﬃ (!
%	 & 	 ﬀ
)
	ﬀ
$#

1 ﬂ
	


ﬂ
	
#
/

		

&	4ﬀ
)$
	ﬀ
$# 
4ﬃB+
ﬂ
	ﬀ
3
	&'&	
ﬃB+
ﬂ
	

	
 1
#
	1ﬃ"	
ﬂ
	& 	ﬀ
ﬃ
! 
R

	 ﬀﬂ	 ﬀ
)$
	ﬀ
$#
E
 
	
!ﬂ
	ﬃ	
ﬂ
	)	
!(
&	 "

ﬀ

	
"

 
!
C
	

&,+
ﬂ
	

	
 1
#
	 ﬃ
ﬂ
	
!

ﬂ
	)	 ﬃ
ﬁ
>&
 !
	-
#
%	

	 ﬀ

ﬀ
3
	4ﬃ

ﬀ

&
)#
 %	

	
3
ﬃ
ﬃ#
/

	%
A1)ﬁ#
&
(# -ﬂ
	
8
	
)
&	
1
	
$+
	
ﬂ
	&	ﬀ
ﬃ

1 ﬂ
	
$#
/

	
!

ﬁ0
!+
ﬂ
	

	

ﬃ

	
ﬁ,A
ﬃ	& %

ﬃ

ﬀ

&
)#
 %	

	
ﬂ
	&	ﬀ
ﬃ

1 ﬂ
	
$#
/

	6 

	 ﬀ

	)2ﬁﬀ
#
	
0

ﬃ	

ﬁ0
&	

	

	   
	



C

00ﬂ
	
1ﬁ 
%



!#
0/

	 & 	 ﬀ

&
)#
7%	

	

ﬃ
ﬂ
	
ﬁ
%
 ﬂ
	
-ﬂ
	
ﬂ
	
ﬃ
&
" ﬂ
	
)
	

!3#
0/

	7& 	
!
	
ﬃ
	 ﬃB+
ﬂ
	

	
01
#
	Q	
 

0
ﬃ

ﬀ

&
)#
 %	

	
0
ﬃ
ﬂ
	
ﬁ
%
 ﬂ
	
-ﬂ
	 ﬀ
)#I1>ﬂ
	)	! 

:!3
	
"ﬁ0

)#D
	
"ﬁ0
	

ﬀ


!"
	 &,+
ﬂ
	

	
01
#
	 ﬃ
ﬀ ﬁ
'ﬂ	
ﬃ

)
&

ﬀ


!
	


,$#
ﬃ	
!
	
ﬃ
	
ﬃB+
ﬂ
	

	
 1
#
	


ﬁ0
&	7ﬀ

&
)#
 %	

	


ﬃ	

	
!)ﬃ
	



&,+
ﬂ
	

	
 1
#
		
"ﬂ
	)	ﬃ
 ﬁ
'ﬂ	
 
* 

+
ﬂ
	

	
 1
#
	ﬃ	
ﬂ
	&	ﬀ
ﬃ
/	 ﬀ

&'ﬀ

&	

&
)
;ﬀ

		

 
ﬃ
 "$"
%
>

/ 
 

"



7
>


/ 
 

C
 

G

 


 


>

>


 
C
H

	
!
#
ﬃ"4

ﬀﬂ	
 
/
#
ﬃ
"
	
"
	7	
#
&*&	

	
ﬂ
	

&
"$#
	
 ﬂ
	

	
01
#
	
ﬁ ﬂ
	&	ﬀ
ﬃ

!

	
"ﬁ0
ﬃ	 6	
8 
/
> ﬀ
 

 8*1"
	
 
 
/
 
ﬀM>

0
	 &

ﬃ
#

#2+$# 
	



ﬃ/	
# 

(# ﬁ0
	 	@? 	"! 
ﬁ
E	
 

	ﬀ
&,+
#D
"
)

,$#
ﬃ
 ! !ﬁ
 
 &,+
)#
ﬃ	ﬃK+
"
	#"

ﬀ
$#
ﬃK+
ﬁ/


	-	
1ﬁ
ﬃ
#
	

	
!"
&	Q
# 1"
&
)
&



ﬃ/	
	
"ﬂ
	)	=ﬃ

6
8
!
ﬃ/	 ﬃ	
ﬀ
 >
>

>
 >



	 ﬀ
G
%

ﬀ

ﬀ


>
 >



	 ﬀ
G
	
 $#
&
#

ﬁ0
&,+
ﬂ
	

	
 1
#
	=ﬃ
ﬁ

&	
! !ﬁ
 

	ﬃ
ﬂ
	ﬀ

&
1
	4	



ﬃﬃ	Q	

ﬃ
 ﬁ
ﬀ
)$
	ﬀ
$#
 ﬃB+
ﬂ
	ﬀ
3
	&*&	 ﬃK+
ﬂ
	

	
01
#
	L/
#
	
!
	
"
	
0 !
1	

ﬀ


!
	7&,+
#D
"
)

,$#
ﬃ
 ! "ﬁ
 

	/
#
	
 #

!)ﬃﬃﬁ0 #
ﬀ
#
	

/

	 &

&
(01
	
"
ﬃ

6
8

	ﬀ


#
	

ﬂ
	ﬃ
3#
	ﬃ	
ﬀ
ﬀ

ﬀ

!
ﬃ
ﬁ0 )# 

#
ﬃ	
>

ﬀ ﬀ

>
 >



	 ﬀ	G %

>

ﬀ


>
 >



	 ﬀ	G


	ﬀ
  "ﬁ
 


# 

#
)
&	
! !ﬁ
ﬀ
0#2+
	h	


	ﬀ
$#

	-	

%
 
	
ﬃﬁ"
	

&
 ﬂ
	

&
$#
	
 ﬂ
	

	
01
#
	 ﬃ"	
ﬂ
	&	ﬀ
ﬃ
 ﬃ"	
+
ﬃ/	
ﬂ
	

	
01
#
	9ﬃ
ﬂ
	
1)+
ﬃ
ﬂ
	)	
!(
&
7!ﬂ
	/	

ﬀﬂ	 ﬃ



&
ﬂ
	
$#
T*ﬃ	6 

	
1)# 
	
 ﬂ
	

&
"$#
	

ﬃB+ 	


#2
ﬀ
>

)
	

ﬀ ﬀ
)
ﬃ


	ﬀ &


#


&
,$#
 
J

ﬃ	
)+ﬀﬁ
	ﬀ
$#
"A&
ﬁ
	
"
 ﬃ	 ﬃ
ﬂ
	

	ﬀ

	
"
 ﬃ	
! #
	ﬃ"
A
ﬃ	
A:1
	
+
	F	

ﬃB+


ﬂ
	&
#)
	

&
 ﬂ
	

&
"$#
	
 ﬂ
	

	
01
#
	 ﬃ	
ﬂ
	&	ﬀ
ﬃ

)
ﬃ
ﬂ
	
1)
ﬃ
ﬂ
	)	
!(
&
 !ﬂ
	/	

ﬀﬂ	 ﬃ



&
ﬂ
	
"$#
T*ﬃ	6 

	
ﬂ
	
ﬃ
ﬃ		


	ﬀ
ﬃ ﬂ
	)	*
"
ﬃ	
ﬂ
	

ﬂ
	

	-	

 
#


&
ﬂ
	 	

ﬃ	7ﬃ
" ﬂ
	)	
ﬂ
	)	&*&	
0

0ﬂ
	5/

	 ﬀﬂ	
/
	


ﬂ
	&
#),$# 0!

)#,/
	
# 
ﬃ

	
ﬀ
>

!'
ﬃ"	
ﬂ
	&	ﬀ
ﬃ

!
	
 ﬂ
	

	
01>ﬂ
	
$#
/

	
)


&
#
ﬃ
ﬁ1)# 

#
&,+
# 0-ﬂ
	
 
	

ﬃ
 ! !ﬁ
 


>
&
 ﬀ 
 
/
 
ﬀM>F 
$0
	

<
$
	
$ #

  

$
<
ﬂ
D


089ﬂ0ﬂﬃ. 
ﬂﬃ!
	

6
$ !@ $ 8 ﬀBﬃ
	

1
= 
D
FﬃﬁE$."ﬃ 
	3

A
$ !@

089ﬂ0ﬂﬃ. = ﬃ!
>	



@ 
$ :$
<
ﬂJ8

	
-+-ﬃ"= $
	
ﬃ
D
!
&%
G
C
 ﬀﬁ

ﬃﬂ! "#ﬀ$ &%'!ﬁ(*),+ﬁ.-0/21
H
$-4365 8793: 
SUT<;T>= ?
3
,A@"- *
6
Z ]'^10>B .
6
C
&

ﬃ
#ﬂ
;ﬂ
	

	

ﬀﬂ	 ﬃ"	 &:+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ"	
ﬁ
	


+
	
ﬁ :!(



)
&,+
ﬂ
	&	ﬀ
ﬃ
	

& 	
ﬁ
	
 3"
ﬃ
ﬃ#
/

	
ﬃ
ﬂ
	
!
/	
0
& 	
" ﬂ
	

	
 1
#
	.ﬃ
ﬁ
 & 	=

	-	 ﬃ
ﬂ
	

	ﬀ

	
"
 
C
ﬀ
ﬁ
/	.ﬃ"	.ﬀﬂ	

	ﬀ



	-	
0
 ﬃB+
ﬂ
	

	
01
#
	
)
#
&e	

ﬃ
#
2ﬁﬀ
#
&	ﬁﬃ"	

	ﬀ


#*
	*	

ﬃB+
#
ﬃ	
$# 8
	

& 	
ﬂ
	& 	ﬀ
ﬃ

ﬁ
/	
# 
ﬃ	
ﬁ
	

! 



ﬂ
	
03
ﬃ	 ﬃ	 &
1ﬃ
	

ﬂ
	
-ﬂ
	
ﬂ
	&
(+)ﬂ
	)	 ﬃ
ﬁ
4ﬀﬂ	
+
)

)#
 	&*&	

	ﬀ


#?ﬁ
ﬃ
#
ﬃ	C
ﬂ
	


g
4D
?
4
)
#
ﬃ	
0$#989ﬂ
	

&
)
4ﬀ

 	
ﬂ
	&	ﬀ
ﬃ
! J
 ﬁ
	
 3
ﬃ
ﬃ#
/

	
!
	


&
)


	

	
#
ﬃ	
0$#98 ﬂ
	%
 /)
ﬀ

		
ﬁ
	

/	-
#
& 	
!"/#
/

	
)
ﬀ+ 	
 A
%
BA
ﬃ
#*
	
ﬀ

		
" ﬁ
	

ﬃ	Q


	
"
&

ﬃ	6 

+
"$#
&
#

,$# 
ﬃ
 ! "ﬁ.!
	
9!
	

	
/
	 ﬃB+


ﬂ
	&
#)
	

&

ﬃ
#
ﬀ
#

# BA
$#
	
0
	
ﬁ
	

ﬃ	-
#
&	
!"/3#
/

	 	
 ﬁ
	


3"
ﬃ
ﬃ#
/

	- 
SUT<;T(' ?
3
,AE
3
0 *
6
^ *
6 656
W8*
6
-
6
Y#^
3
, \eW Z , . W
6
]\ W -
6
WGF
6
^W

	
!ﬃ)!3#ﬂ
	
-ﬂ
	>ﬃ	
ﬂ
	& 	ﬀ
ﬃ
 

ﬃ
ﬁ
 &	
ﬁ
	



07ﬂ
	


&
 ﬂ
	)	 %
4!(ﬃ$#2
ﬃB+
ﬂ
	

ﬂ
	

	-	
0





&

ﬁ
	




	ﬀ &
%
	
DIH
 
-5ﬁ
 ﬀﬂ	
/
	
!($#
	
)
/	

&D4&	
ﬁ
	

 
,$#
 "
)#

ﬁ0
%
=!J
DK
L



/

	NM ﬀ 
0
ﬀ


#
ﬃ
ﬂ
	
ﬂ
	! 



 
	
"
	
)
>
 
B 
ﬂ
	& 	ﬀ
ﬃ


	
=
	ﬀ


#
ﬃ
ﬁ
 &	 ﬀ

	
7O$8*7
ﬁ
	

D
	$H
ﬂ
>

/
H ﬃ	
ﬁ
	

 
/	-
#
&	
!"/#
/

	
7
+

	NP;H  

	


+
	F	

ﬃ	
>
 

!"
& 	
ﬁ
	


 
/	-
#
& 	
!"/#
/

	
7
ﬀ

	NP 	

+

ﬀ

	NPJH
)
>
 
 
!"
&	
ﬁ
	


+
	
ﬁ  3"
ﬃ
ﬃ#
/

		

	
 8
>
 
ﬀ
!"
&	
ﬁ
	

&
ﬂ
	
1
	


7

D
ﬃ
D
 H
3"
ﬃ
ﬃ#
/

	! 
C
# 

#
)
	

ﬃ	-
ﬁ
ﬃ
ﬁ0?ﬁ


#D

 ﬂ
	&	ﬀ
ﬃ


ﬃ
ﬁ
 &	7ﬀ

	ﬃ
 ﬁ
	
9
	ﬀ


+#
)
 >

ﬃ	
ﬁ
	


7
+

	NP;H 
0ﬂ
	
$#
/

	
-ﬂ
	 	

/
ﬀ 
ﬃ	
ﬁ
	


 
/	-
#
&	
!"/#
/

	- J
 ﬁ
	
9+
	
ﬁ=3"
ﬃ
ﬃ#
/

	ﬀ
" 
#
 	

ﬂ
	
$#
/

	
-ﬂ
	6 

	
ﬃﬁ 
ﬃ	
ﬁ

)#
/	
#
ﬃ	
$# 8
ﬀ
,$#
	

ﬃ	
 ﬁ
	
C3"
ﬃ
ﬃ#
/

	5
"
/
,
	
)
!
&

 "
)#2+
&	A/

	
!"
&	
ﬁ
	


3"
ﬃ
ﬃ#
/

	 ﬃ"	5


	
"
&
"
ﬃ	6 

	


	

)
&

"
1
	
ﬃ,$#
	

&,+
3
ﬃ
ﬃ#

,$#
ﬃ	
ﬁ
	



	

	


 
	

	
!
&

 ﬃ
"
	
)
ﬀ

ﬃ
#

ﬁ0
%
" ﬁ
	

"
)

ﬂ
	ﬃB+
,!
&


1)ﬁ
ﬃ


+
	 ﬃ"	
!($#
ﬀ

&	! 

	


+
	ﬃ"	#"
ﬁ :ﬂ
	&	ﬀ
ﬃ
A


g
4D
?
4
ﬃ
ﬁ
 &	
ﬁ
	



	
 
&
)

!
&


ﬂ
	& 	

ﬂ
	6 

 8*1
	
 
 RQ 
ﬀ

0
	 &	


+
	
 
	

ﬃB+
ﬂ
	&	ﬀ
ﬃ
#



	ﬀ


# 
;ﬃ
ﬁ

" ﬁ
	

ﬀ/	-
# A
&	
!/#
/

	
  ﬁ
	
 3"
ﬃ
ﬃ#
/

	
)
	

"

ﬀ
$# 
ﬃ	

ﬃ
#

ﬃﬁ
ﬀﬂ	 %

&,+
 
	 ﬃ
 ﬁ
	

 


#2ﬃ
Q
>

ﬃ	 ﬀﬂ	
ﬂ
	&	ﬀ
ﬃ

!

#
	
"
	
0
	


	ﬀ
$#

	-	
0
ﬃ
 ﬁ
	

ﬀ


#
ﬃ
ﬂ
	
ﬂ
	6 
 
	

ﬁ
ﬀ
3
	
)
	


#2ﬃ
 
>

ﬃ	
)+ ﬁ
	



	
A


>
ﬀ

#

!(
&:+

&
1ﬁ)#03
	;ﬃ	 &
ﬃ
	5
0
	
  ﬂ
	
# -ﬂ
	ﬃ"	
!3# 

 :,
 ﬀ
3"(01>ﬂ
	
)
ﬀ

		 
0ﬂ
	
ﬃ
ﬁ
 &	/	ﬀ
$#

!3ﬂ
	ﬀ
ﬂ
	ﬃ"	

	! 
-
	
!
&


)
ﬀ

ﬃ	
ﬂ
	&	ﬀ
ﬃ
=ﬃ
ﬁ
 &	
ﬁ
	
 !ﬃ  #
	
"
	

ﬃB+
ﬁ
	
ﬁ
	


3"
ﬃ
ﬃ#
/

	

ﬃ	
+


  
 R(SEM, Jet)∆
0 0.2 0.4 0.6 0.8 1
 e
X
)
→
<
N
b
 S
E
M
s/
je
t>
 (
b
0
0.2
0.4
0.6
0.8
1
1.2
1.4
Total
 eXb
 eXc
 eX cb
 eXuds
ν eW
faux SEM
→
→
→ →
→
→
 R(SEM, Jet)∆
0 0.2 0.4 0.6 0.8 1
 n
 je
ts
→
N
b
 u
d
s
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
Total
 eXb
 eXc
 eX cb
 eXuds
ν eW
faux SEM
→
→
→ →
→
→
 ! 
 RQ 
ﬀ
ﬃ= 0 = ﬃ
2

D



089ﬂ0ﬂﬃ. J=Jﬃ!@
>
/ﬃ


G
 @
ﬂﬃ!
	

D
$!@   -=
	
89
6
 ﬃ
	54
! 
>7A
$ ﬀB$!
1

@
ﬃ! !@
1
$
D
ﬂﬃ.
	54
! 
>A
$
D
Hﬃ
	
#
@ 
 +-ﬃ./0
	
ﬃ
D
0$
D
	
 $/"
A
$ﬁ8
 $
B

D
!  ?
D
 8<$
6
ﬂﬃ
<
$/"
D

8
 ﬃ   

089ﬂ0Hﬃ ﬂﬂ"ﬃ. !
	

C
H
&e-+
1
#

)# 0
	
"ﬁ
ﬃ	
ﬂ
	ﬃ
#2
	.&	


+3
	ﬃ	 "
ﬁ  ﬂ
	&	ﬀ
ﬃ
5



	ﬀ


#

ﬁ
/	
# 
ﬃ	
ﬁ
	

! 

	
! !ﬁ !
	

	

ﬃ"	 ﬃ
#
$ﬀ
#

# 
	

	
0
	

)#
	

"
ﬁ  ﬂ
	&	ﬀ
ﬃ



7
ﬀ"  '/	ﬀ
$#
 
 
/
 
ﬀ
H  
ﬁ
	&

&


#


&
,$#
)

>

ﬃ	

)#

ﬂ
	&	ﬀ
ﬃ
ﬀ
ﬀ
ﬃ

ﬀ
#ﬂ
	%
"  
'	
 
 
)
ﬀ

	


Q

!"
& 	 "
ﬁ 
ﬂ
	&	ﬀ
ﬃ
.

! 
C
# 

#
)
>
 RQ
ﬂ
	&	ﬀ
ﬃ

!
ﬃ

ﬀ
# ﬂ
	 %
 "  
' 	
 
 	
 
	ﬀ


# 
ﬃ
ﬁ
 & 	,ﬀ

	
ﬃB+
 ﬁ
	

 /	-
#
&	
!/#
/

	6 

	


+
	ﬀ	

ﬃ"	
>
 
ﬀ
!'
&	
ﬁ
	


 
ﬃ	-
#
&	
!"/3#
/

	
)
>
 
>
>
!"
& 	
ﬁ
	


+
	
ﬁ 73"
ﬃ
ﬃ#
/

	?	

	
 8
>
 
>
Q
!"
& 	
ﬁ
	

 &
ﬂ
	
1
	


7

D
ﬃ
D
 H
3"
ﬃ
#
/

	! 

	&

/	
+
ﬃ
#
	
 
	

	 ﬃ	
!3ﬃ)+(+3#
&
#-ﬂ
	0ﬃB+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
ﬁ
	



/M/

ﬃ	
ﬁ
	


7
+

	NPJH
0
ﬂ
	
$#
/

	
-ﬂ
	! 

	
ﬃﬁ 
ﬃ	

#
	

ﬀ
>

!"
&	
ﬁ
	


 
ﬃ	-
#
&	
!"/3#
/

	
)
> 
!"
&	
ﬁ
	


+
	
ﬁ  3
ﬃ
ﬃ A
#
/

	
)
	

	
 8 " ﬁ
	
3"
ﬃ
#
/

	ﬃ	Q


	

&
ﬂ
	
1
%	

	3
"



	
 ﬂ
	
$#
/

	
-ﬂ
	6 
-hﬁ
 &	
ﬁ
	

 /	-
#
&	
!"/#
/

	
)
&	,&	
!/
	-
!)ﬃ
	
"
	

	&
,$#

	-	
0F1)ﬁ
ﬃ	
#

!
& 
#(+ﬁ

A

	

ﬃ	
!( (!3!')
%

&,+
 
	;ﬃ
 ﬁ
	
 # 3#$# 
&
)
	
 !
	

	
U
	 ﬃ
#
$ﬀ
#

# ",$# 

"!!
&
ﬂ
	-	
0ﬃ)#2
	
!( (!!)ﬃ
ﬁ  ﬁ
	



%

&:+
ﬂ
	& 	ﬀ
ﬃ 
	ﬀ


3#
/	
+)# !
&
ﬁ
ﬀ

&
#D ﬂ
	
)#2
	
ﬁﬁ
	

 

	
841"
	
 
 RQ 
ﬀ
>
	

 
 RQ 
ﬀ



0
	
&	 ﬃ
#

#2+$#

	
,#

!
& 
# ﬁ


	

ﬃ	 ﬃ	
ﬂ
	&	ﬀ
ﬃ


	ﬀ


+#

7
!
i 
L
H8	

	
ﬁ#

!
&D
#Q+ﬁ

A

	

ﬃ	

	&
,$#

	-	
0
%

&,+
 
	=ﬃ
 ﬁ
	
# #$# 
&
!
i 
L	
D

!"
ﬃ	
ﬁ
	

 5/	-
#
& 	
!"/#
/

	
7
+

	NPJHﬀ	

ﬃ	
ﬁ
	

;ﬃ	


	

;&
ﬂ
	
1
%	

	6 

	

)#

ﬂ
	&	ﬀ

ﬀ
5
ﬃ/	
ﬂ
	

	
01>ﬂ
	
$#
/

	
7
!
L
 /

	NM ﬀ@H	
;!
&
"ﬁ
ﬀ
 A
&
#D ﬂ
	
)#2
	
ﬁﬁ
	

7
!
i 
L
D





	NM ﬀ@H  
 (
ﬀ

	
)
& 	 "
ﬁ  ﬂ
	& 	ﬀ
ﬃ

7
g
4
D
?
4
H

 !
	
 ﬂ
	

	
 1>ﬂ
	
$#
/

	
7
!
L
ﬂ /

	NM ﬀ@H&	
!
&
"ﬁ
ﬀ

&
#  ﬂ
	
)#2
	
ﬁ ﬁ
	

7
!
i 
L
D

ﬂ



	NM ﬀ@H  

	
ﬂ
	&	ﬀ
ﬃ

!ﬃ

	
"ﬁ
ﬃB+
"
ﬁ
	
ﬁ
	

ﬃB+


0

#ﬃ ﬂ
	 %
;1)ﬁ
ﬃ	
#

!
& 
#-ﬁ


	

/	
7
!
i 
L
	
,!
i 
L	
D

H  
L8
)
ﬀﬂ	
/
	
ﬂ
	
ﬃ
ﬃ	 
0
	
ﬁ
ﬃ
#
/

+

ﬀ
# 
%	

	5
!!
&
ﬂ
	-	
0ﬃ)#2
	5
" !
i 
L
D


	
!
	

	
 !
 ﬃB+
ﬁ21
	
0
	

&
!"
	
-ﬂ
	
	
 ﬁ
	

 ?/	-
#
&	
!"/#
/

	- 

	


	

)
	

"
)#

ﬁ0

(#
	

&	&/	
#
&
# 
"
ﬂ
	
#
	


"9!
i 
L
D

)

ﬀ


ﬃ,
	L/

	
&,+ 	)2ﬀ

ﬀ
#-ﬂ
	;ﬃB+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
ﬁ
	



ﬃ
#

# 0
	
!
&


(!3#
ﬃ	-	

/

	4&,+ 	)2ﬁﬀ

ﬀ
#ﬂ
	 ﬃ"	 
ﬁ

)#

ﬂ
	
$#
/

	
ﬃ1
	6 


>
>
TSEM p
0 10 20 30 40 50
 
eX
) (
log
.)
→
N
b 
jet
s (
b
10
210
310 Provenance :
Total
 e→b
, P±, K±pi
  e→W 
Autres
rel
TSEM p
0 2 4 6 8 10
 
eX
) (
log
.)
→
N
b 
jet
s (
b
10
210
Provenance :
Total
 e→b
, P±, K±pi
  e→W 
Autres
 & 
 RQ 
ﬀ
>
 
=
6
!78 
	
ﬃ,H$ 
<
"-
D


0890Hﬃ 
ﬂﬂ"ﬃ. !
	

> 
;

@CD
$
D
   >0=
	
89
6
 ﬃ
	54
! 
+-ﬃ./0
	
ﬃ
D
ﬁ$
6
ﬂﬃ
<
$/"
>A
$ﬀB$!
1

@CD
ﬂﬃ
	
#

	
=
6
!78 
	
ﬃ H$ 
<
"0,ﬂ08<$
	
<
= 
A
$ 8
 $
B

D
! 
	

	

	
$ 8

;

'

6
ﬃ.!7
D
   I-=
	
89
6
 ﬃ
	54
! 
C
T
SEM p
0 10 20 30 40 50
 
n
j) (
log
.)
→
N
b 
jet
s (
ud
s
10
210
310
410 Total
 e→b
, P±, K±pi
  e→W 
Autres
relSEM p
0 2 4 6 8 10
 
n
j) (
log
.)
→
N
b 
jet
s (
ud
s
10
210
310
Provenance :
Total
 e→b
, P±, K±pi
  e→W 
Autres
  
 RQ 
ﬀ

  
=
6
!78 
	
ﬃ ﬂ$. 
<
0
D


089ﬂ0ﬂﬃ.  ﬂﬃ "!
	

> 
;

@	D
$
D
  
D
 $
<
!@ 8

ﬂﬀ
A
ﬂ
>
4
!$. !
 D

@
F+0ﬃ/0
	
ﬃ.
D
 $
6
ﬂﬃ
<
/$
>7A
$FﬀB$!
1

@C	 D
ﬂﬃ
	
#

	
=
6
!78 
	
ﬃ H$ 
<
"0ﬁ08<$
	
<
=  
A
$
8
 $
B

D
!  
	

	

	
$ 8

;

'

6
ﬃ.!7
D
ﬀ 
D

0$
<
!7>8

ﬂﬀ
A
ﬂ
C


>

SUT<;T  ?
3
*
6
W
6
\ ^ﬁ]'^10,
\
656
-D] -
5
,
3
0 ^ eZ
66
 *
6
^10>B .
6
^ﬁ]
56

+

&
1ﬁ)#03
	 ﬃB+
#
ﬃ	
0$#98
ﬀ
,$#
ﬃ"	
ﬁ
	

 /	-
#
&	
!/#
/

	/	 ﬀ


!
/	 ﬃ	 ﬃ"	
 0ﬂ
	
ﬃ(!
	
 /
ﬃB+
(+)
ﬃ
&
 
	ﬀ



ﬀ
$#
	

&,+
#
ﬃ"	
$#98
ﬀ
,$#
ﬃB+
 ﬂ
	&	ﬀ

ﬃ
ﬁ

" ﬁ
	

)
	

	


#
	 &,+
(!!
&
#
ﬀ
,$#
ﬃ"	7ﬀ
# 
%	

	
ﬃ	5/
"
&
#ﬂ
	
"
&,+
ﬂ
	&	ﬀ
ﬃ
	

&:+

ﬃ

ﬀ
# ,$#
ﬃ	 &,+
ﬂ
	&	ﬀ
ﬃ!ﬁ ﬁ
	

 

	
ﬁ
	

	
 ﬂ
	
$#
/

	
-ﬂ
	*!+
#
&8
,$#
 "
)#
&	
ﬀ

ﬃ
#$#
?
#  ﬁ0
	



 
C



# 

5ﬂ
	&	ﬀ
ﬃ
	
 
	ﬀ


3#
%

&:+
# ﬂ
	
#
	
"
ﬃ

ﬀ

	.ﬃ
 ﬁ
	

7O$8*7
ﬁ
	

D
	$H
ﬂ
>

/
H  


8*1"
	
 
 RQ 
ﬀ
ﬀ
#
&'&



	;& 	
!
	

"
)

ﬁ
ﬀﬂ	9ﬃ	&,+
ﬂ
	
$#
/

	
ﬃ1
	 %

ﬀﬂ	
/
	
ﬂ
	
ﬃ(!
	6 

 ﬂ
	
1
# !"
&

/

	&*&	
&,+ 	)2ﬁﬀ

ﬀ
#ﬂ
	 ﬃB+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
ﬁ
	

ﬀ	

"
)#2+
&	
7 
	




ﬀ
H;ﬀ
)$
	
!
ﬃ %

&



	 ﬃ	
ﬁ

#$#
	

	 &	ﬀ

&
)#
 %	

	 ﬀﬂ	
0
&	

& 	
+
ﬀ
3

)


	 ﬃ
ﬁ
4&

/

	&*&	&	
ﬂ
	&	ﬀ





	Q
0
!


	ﬀ


# 
! 
<
	-
(
/

	
ﬂ
	
1
&	-	
0
/

	.&,+ 	)2ﬀ

ﬀ
#-ﬂ
	 ﬃK+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ"	
ﬁ
	


ﬁ21
	
0
	
ﬁ/
 /

+ %

  
	 






 '

	


	

)
0(!!
	&*&	 /

	 &
 
	ﬀ



ﬀ
$#
ﬃ	
 )#
1	

"
ﬁ  ﬂ
	&	ﬀ
ﬃ



1	

	
#
&*&	

	$%
	1)ﬁ
ﬃ	
!
ﬃ	

ﬃ
 A (!3#
ﬃ
#-ﬂ
	6 
ﬀ
 
 8(

#
ﬀﬂ	
ﬂ
	&	ﬀ
ﬃ


	ﬀ


#

)
ﬁ


# 

"
ﬃ

# 
	

	

ﬃ

ﬀ
# ﬂ
	 %
 "  
'	
 
4 


8*1"
	
 
 RQ 
ﬀ
ﬀ
#
&*&



	 &	
!
	

"
)

ﬁ
ﬀﬂ	.ﬃ	 &,+
ﬂ
	
$#
/

	
ﬃ1
	 %

ﬀﬂ	
/
	
ﬂ
	
ﬃ(!
	6 

+ 	


	

ﬃ
   "ﬁ
	

 #

#2+
&	h
"
&,+ 	)2ﬀ

ﬀ
#-ﬂ
	 ﬃB+
ﬂ
	
$#
/

	
ﬃ1
	5/
#
ﬀ
30"
	 %
=!(ﬃ$#*
ﬃ	
 	



 
ﬀ
 
 8(

#
ﬀﬂ	
ﬂ
	&	ﬀ
ﬃ


ﬃ

ﬀ
#ﬂ
	 %
 "  ﬁ
' 	
 
 
)
ﬁ


# 

"
ﬃ

#

,$#
 "
)#2
	
!
i 
L
 /

	NM ﬀ 

 8*1"
	
 
 RQ 
ﬀ ﬀ
#
&*&



	 &	
!
	

"
)

ﬁ
ﬀﬂ	ﬃ	,&,+
ﬂ
	
$#
/

	
ﬃ1
	;%

ﬀﬂ	
/
	
ﬂ
	
ﬃ(!
	6 

+ 	)2ﬁﬀ

ﬀ
#ﬂ
	 ﬃB+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
ﬁ
	

 	

ﬀ


ﬃﬁ0
	
ﬁﬃ
0/

+ %

 
	


!#
 ﬃ
ﬂ
	ﬀ
  ﬁﬃ
0/

+ %

 

	





ﬀ
 
 (
ﬀ

	
)
	&*&	
ﬂ
	


&

	F	

"

ﬀ
$#
ﬃ	 &,+
#

!
& 
# ﬁ


	

/	 ﬃ	
ﬁ
	

! 

+ 	!"
A
8
ﬀ

ﬀ
#-ﬂ
	.ﬃK+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
ﬁ
	

 ﬀ
ﬃ ﬁ/
0/

+ %

	


/
>


ﬂ

&,+
ﬂ
	&	ﬀ
ﬃ


	
4
&
)
 ﬃ	
!
&

h	
 !
&


ﬂ
	

	
 1>ﬂ
	
$#
/

	E	

ﬃ

ﬀ	
#
	
1
	ﬀ


#
 


3#
	
)
&,+ 	)2ﬁﬀ

ﬀ
# -ﬂ
	 ﬃB+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
ﬁ
	

 ﬃ
#

# #
	

&:+
ﬂ
	& 	ﬀ
ﬃ


	
 
&
)
 ﬃ	
!
&

=	
ﬁ!
&


ﬂ
	

	
01>ﬂ
	
$#
/

	ﬀ	

ﬃ
ﬂ
	
!'
ﬃ	
"
	
!
&

 "
)#2+
&	
"

ﬀ
$# 
ﬃK+
ﬂ
	

	
01
#
	 ﬃ
ﬁ
 &	
!
	-
#
%	

	 ﬀ

ﬀ
3
	=ﬃ

ﬀ

&
)#
7%	

	
#
& 
,$#
 "
)#
ﬃ

ﬀ7

# 
 &	
ﬀ

ﬃ
#$#

7ﬀ

  ﬁﬁ

ﬀ
ﬃﬂ
B 
ﬁ
H ﬃB+
#
ﬃ	
0$#98
ﬀ
,$# 
ﬃ	
ﬂ
	&	ﬀ
ﬃ


- 

<#

!

ﬁ
ﬀﬂ	
ﬃ
#
 ﬀ

ﬃ
#$#

!"
&:+
ﬂ
	
$#
/

	
ﬃ1
	
)
 
/

ﬃ"	
ﬁ
	


7
+

	NPJHQ
0 ﬂ
	
$#
/

	
-ﬂ
	
	

ﬀ
/

!"
& 	
ﬁ
	


 
/	-
#
&	
!/#
/

	! *J
 ﬁ
	
;+
	
ﬁ@3"
ﬃ
ﬃ#
/

	&
"
ﬀ
>
	
 ﬂ
	
$#
/

	
ﬂ
	6 

	
ﬃﬁ 
ﬃ	

ﬁ

)#

ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
ﬁ
	

;&
ﬂ
	
1
	

	

ﬃ	
 ﬁ
	


"
 
>
 
SUT<;T S ?
6 3"!
,
3
Z ]\eY
6
W W .
3
-X]fZ
6
W .
3ﬀ6 656$#&%(')'+*

	
/
	?ﬃ	ﬀ
$#
ﬃ
ﬂ
	ﬀ
#
&	
!
	

"
)

ﬁ
ﬀﬂ	 ﬃ	9&,+

&
1ﬁ)#03
	 ﬃK+
ﬂ
	
$#
/

	
ﬃ1
	 
"
ﬃ	
ﬂ
	

ﬂ
	

	-	
0




	

ﬃ	
/	
!3# 
ﬀ
#2!ﬁ =+#
 ﬃ	 "

ﬃ
!"1"
	
ﬁ"
&

/	ﬃ	F	
"
	7ﬃ	&/	ﬀ
$# 
	)2ﬁﬀ

ﬀﬂ	
 
7-,

,
H ﬃ
ﬁ
9&	ﬀ
ﬁ"
&
.
&	
!/

ﬁ
	

/  

	
!
	

"
)

ﬁ
ﬀﬂ	
0 ﬂ
	


&
 ﬂ
	)	 ﬃ
ﬁ
=&		

	-	.ﬀ

ﬃ
#$# 
$/

	 ﬀﬂ	&*&	,ﬃ
ﬂ
	ﬀ
# 
	
ﬃ
ﬁ
4&,+
ﬁ"
&

/	ﬃ	F	
"
	ﬃ	&

ﬃ	ﬀ
$#
	)2ﬁﬀ

ﬀﬂ	
 
7



HF%
 -10
 

		)2ﬁﬀ

ﬀ
# -ﬂ
	 ﬃB+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
ﬁ
	


!( ﬂ
	&	ﬀ
ﬃ
 

*
0
	
$#

ﬂ
	)	E
"
ﬃ"	
ﬂ
	

ﬂ
	

	-	



#


&
ﬂ
	ﬀ	
 
	ﬀ


+#

!(
&


	


#32>=/?
ﬃ

ﬀ

ﬃ	=ﬃ	

	ﬀ



ﬀ
$# 
)
	
&32>=4; !'
&	 ﬃ	

)#


8
#

ﬁ
	- 
-
+
"
	
!(ﬃ
)
#
&
 ﬂ
	
ﬂ
	A
ﬂ
	 ﬃ
ﬁ
 & 	
!(ﬃ$#
	
!ﬂ
	ﬀ
ﬂ
	ﬃ	
0
	/

	4&	 ﬀ
(
ﬀ
ﬂ
	
#

$#
/

	
ﬃ	4ﬃ
" ﬂ
	)	
ﬂ
	)	&*& 	

	ﬀ


+#
	
!(
&	ﬀ

ﬃ	
2>=;

 + #
	
.
	
!ﬃ
ﬃ
#
	
!(
&	 ﬃ
" ﬂ
	)	
#


&
ﬂ
	)	
2>= ?
 
-
+
ﬁ
	
!(ﬃ
)
& 	
ﬂ
	

ﬂ
	

	-	
0
&
#


&
ﬂ
	

	ﬀ


# 

!(
&


	


#42=; ﬂ
	
ﬃ)#
	
7# 
	
"#

ﬃﬁ0

ﬁ


	

ﬃ"	ﬀﬂ	
/
	
ﬁ"
&

/	6 

 

>
ηJet detector 
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
 
(et
ap
e 1
)
ta
g
ε
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Jets :
 nj→b
 eX→b
 eX→ c→b
 nj→c
 nj→uds
ηJet detector 
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
 
(et
ap
e 2
)
ta
g
ε
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Jets :
 nj→b
 eX→b
 eX→ c→b
 nj→c
 nj→uds
   
 RQ 
ﬀ
ﬀ

	
$B
	



D




	54
!  $ ﬀ3
D
  EI+-ﬃ./0
	
ﬃ
D
E8<$J$ﬂ$ 0


	

	54
! 
D
!   
D

 

$!
B

 $
6


>7A
$ﬀB$!
1

@

>7A
$
D
ﬂﬃ
	
#
@D
>8
 $ 8 ﬀBﬃ
	

1
= 
C
ηJet detector 
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
 
(et
ap
e 3
)
ta
g
ε
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Jets :
 nj→b
 eX→b
 eX→ c→b
 nj→c
 nj→uds
 (GeV/c)TJet p
0 20 40 60 80 100 120 140
∈
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1 Jets :
 nj→b
 eX→b
 eX→ c→b
 nj→c
 nj→uds
   
 RQ 
ﬀ ﬀ


	
$B
	



D




	54
!  $ ﬀ3
D
  
6
ﬃ!@
D
	 
#,0$
<
!7"
D
  

+-ﬃ0
	
ﬃ
D


 

>A
$
ﬀB$!
1

@


 


>7A
$
D
Hﬃ
	
#
@C

 
 

	=	)2ﬁﬀ

ﬀ
#ﬂ
	9ﬃ	 &,+

&
1ﬁ)#03
	 ﬃK+
ﬂ
	
$#
/

	
ﬃ1
	
!(=ﬂ
	&	ﬀ


0
ﬀ


!(ﬂ
	)	
 
	ﬀ;ﬀﬂ	&*&	
!(


 

	
ﬃ(+
&	
ﬁ
 
 RQ
ﬂ
	

	,ﬀﬂ	&	)2ﬁﬀ

ﬀ
#ﬂ
	! 
C
# 

#
)
!'
  ﬀ
/
!3+
!
C
ﬃ"	 ﬃ
" ﬂ
	)	
) ﬀ
ﬀ
ﬂ
	
 ﬂ
	

	-	






0
,/
	

ﬃ


)
ﬀ
0
	
  
ﬃ	
+# 
 ﬃ	"

ﬃB 

	
+3#
 ﬃ"	"

ﬃ$/	
ﬂ
	
!(ﬃ$#
ﬃﬃ	

ﬃ	 &


ﬁ#
%	

	5
#  ﬁ0
	

ﬀ6ﬀ
ﬂ
	
 ﬂ
	

	-	

 
 

,
) 
 


ﬂ
	
 ﬂ
	

	-	
0


&
$# ﬁ
	


) 

/
 
ﬂ
	
 ﬂ
	

	-	

 1

	 ? 	 !
) 

 
 
ﬂ
	
 ﬂ
	

	-	


 
	ﬀL/
"(  E/)!(ﬁ
	A/

	& 	Q
#I1"
&
)
	

>  
/
ﬂ
	
 ﬂ
	

	-	
0
ﬃ
#2+


! 
  
  
 RQ
 
 

 
ﬂ 

 ﬂ 




 
ﬃﬂ    




	 3 	  
2



"
ﬁﬃﬂ
!' 7
B
 
&
ﬁ 
2

 



 


  '
2


5'4  


2
'

 ﬂ 



  
2


 
 'ﬂ' 
-




7ﬀ








 /   
2

ﬂ  	
 
 
2
	
2
'

 
 	
 

 3 ﬃﬂ    ﬂ'ﬁﬀ
 
  ﬂ ﬃﬂ ﬂ 
2
 
 




 
ﬃﬂ ﬃ


 

ﬂ 	 ﬀ 


 


2
ﬂ 


"
ﬁ
 
ﬁ! 1 "

$ 
#$

 ﬃ
ﬀﬂ	ﬃ

 U2ﬁﬀ

ﬀ
# -ﬂ
	 ﬃ	Q
ﬂ
	& 	ﬀ
$#
ﬃ	
ﬂ
	
 ﬂ
	

	-	
0

7

H
%


ﬁ
	
 ﬂ
	
$#
/

	
ﬂ
	
!(.ﬂ
	&	ﬀ
ﬃ
A


%


ﬁ
	
 ﬂ
	
$#
/

	
ﬂ
	
!(







ﬁ
	

 &
ﬂ
	
1
	


/
 





 
ﬀ 

 >  >  
 


ﬀ   
ﬀ

ﬀ
 >
/
  


 
/


7
ﬀ

ﬀ$H   
/



 
/
 
 





 
ﬀ


7
+

+
H

-ﬀ
 
/



 
ﬀ

 





 >


ﬀ

ﬀ


>
 


ﬀ
 
 
ﬀ
 
>

ﬀ
 
>


+

+


/
 
/

ﬀ
 
>

-ﬀ
 
/

ﬀ
 RQ
1
7

	)	$H

ﬁ
	




/
 RQ 
ﬀ
 
ﬀ 

 
>

>
 
 
1
7

H4H
H

ﬁ
	


/
 
/



 


ﬀ
 


>
 

-7#*+'




 


ﬀ
 
> ﬀ
 
/

>
 
>
+
ﬀB 
 
>

ﬀ
 
/



 
>

ﬀ
 
ﬀ

/
+
ﬀ
>
 
/



 
> 

ﬀ
 
 



 
/




&*&'&
ﬀ
>
 
ﬀ



 RQ


 
>



 
 




&

ﬁ
	


ﬀ
/
 
>

>
 
ﬀ 

Q 
ﬀ

>
 
ﬀ

	&

ﬃ
"
	
"0# 
ﬀﬂ	
ﬃ$#ﬃ
ﬃ	Q
ﬃ,$#

$#
/

	 

 
7-,

,
H4ﬃ"	
ﬀ


!

ﬁ0
	

	
5ﬁ ﬂ
	

&
ﬃ,

#

ﬁ0J
 
7-,

,
H
%
	 >

ﬀ

7+,)( ,
H


!
C
)
/
%

"
)#A3")(+
&	
)
ﬀ


!"
	

	
#
ﬃ"	 &

ﬃ
#
2ﬁﬀ

&
-ﬂ
	 %
.#
ﬃ	
0$#98
	

ﬃ	
ﬂ
	&	ﬀ
ﬃ
4ﬃ
ﬁ
9&	
ﬁ
	

- 

+ 	
	ﬁ
	

	
1
&
)
9&	ﬀ
 
&	ﬃ	 "

ﬃ"
!#
0/

	 & 	
(!3!')

# 1"
&
"9+#
	
4
	&
,$#

	-	
0
"
)#2+
&	
7+*

)

>

/
H  

+
ﬂ
	
ﬃ(!
	Q
#

ﬁ
	 ﬀ


#


	 %

	
"
	

&	
!
	

"
)

ﬁ
ﬀﬂ	 ﬃ	&,+
ﬂ
	
$#
/

	
ﬃ1
	ﬃ	
ﬁ
	


!(
&
 !ﬂ
	ﬃ	

ﬀﬂ	
ﬃB+
ﬂ
	&	ﬀ

4
"
ﬃ	 ﬃ
" ﬂ
	)	
ﬂ
	)	&*&	! 

	&
  ﬂ
	ﬀﬂ	ﬃ
#
	 &,+
$#
&
#

,$#
ﬃ	.ﬃ
" ﬂ
	)	

	ﬀ


3#
	
!(
&


	


# 2>=;
ﬃ

ﬀ

ﬃ"	,ﬃ	

	ﬀ


+
ﬀ
$#
)
	

ﬀﬂ	
ﬃ$# 8 ﬂ
	)	
!(
& 	
1)ﬃ"!
	ﬃB+
#
ﬃ	
0$#98
ﬀ
,$# 
ﬃ	
)+ﬀﬁ
	

! 

	
!
	

ﬃ
ﬁ
)
	
 +)#


ﬃ	&,+
(+
/	

ﬀﬂ	 ﬃ	

	&'&	 ﬃ
" ﬂ
	)	
)
ﬀﬂ	
/
	
ﬁ"
&

/	

ﬃ

!+
($ 
	

	

 
SUT<;T  * .=^
3ﬀ6
W ] -
5
,
3
0 ^  Z
6
W
6
 *
6
^0 B .
6
^ﬁ]
56 656
W*F
6
^ﬁW @
6
] .,+
 
&


#
	
"


&
1ﬁ)# 03
	.ﬃB+
ﬂ
	
$#
/

	
ﬃ1
	!

ﬃ
ﬂ
	

	&
)!!9ﬂ
	
!"
&	ﬁﬃ
ﬂ
	

	ﬀ

	


-10
	

%

C,-

C
ﬁ
 
 3
ﬀ
"
	

%
 !M8" "
	ﬀ
(
ﬀ
ﬂ
	
#

$#
/

	4
!9ﬂ
	ﬀ
# 8
/

	
ﬁ 73
ﬃ
ﬃ

+
	
ﬁ 
 

	
3"
ﬃ
ﬃ


!
	


	
0
/	 ﬃ
ﬂ
	
# 0-ﬂ
	
1)
	

ﬃ	1ﬃ	
 

ﬁ3#
%	

	
)
/	&

&	*


	
"
 ﬃ	
ﬁ
	 /
"(  

ﬀ


$#ﬃ"ﬁ0
! 

	
ﬂ
	


+

+ !
	


	

"


#
	



4&

"
)
	ﬃB+
".!43ﬁ/

#2ﬃﬃ
	&	

ﬃ

	
 "
	
!)#*
	 ﬃ	 &	
!"/
! 
C3"
/

	/
"(  

!
	
"5ﬁ

#
ﬃ	 ﬃ
ﬂ
	
# ﬂ
	
1)
	
 !(7#D
	

ﬀ
$# 
"
)#2+
& 	4

 &

"
)
	
ﬃB+
 +'



3")
,ﬀ

ﬀ
3
	0ﬃ	@

ﬃ/	 	

ﬃK+
" !(ﬃ
	
")#*
	 ﬃB+
#



!3# 
ﬃ



/
"(  

,/.

)
ﬂ
10
 

	
!
	

ﬃ
ﬁ
)
&	=ﬃ
ﬂ
	
#Dﬂ
	
1),$#
ﬁﬃB+
"
/
"(  

ﬂ
	)	& 	

/
"(  
,).
 ﬂ
	)	&ﬀ
0
ﬀ
#  ﬂ
	-
,$#
/

	-	
0,# ,A

	

ﬃ
#
	
)
	

&	
ﬁ"
	 ﬃ
ﬂ
	
#Dﬂ
	
1),$#

4
%	4
"!!#

ﬂ
	)	
!(
&	

	

	 ﬃ	&


,#
ﬀﬂ	

?
5
M324
%
>
 >6>
ﬀ


>
 >6>6>
>
	

M3564
%
>
 >
  


>
 >6>
ﬀ
 

ﬀ


ﬂ
	-/

	

ﬀﬂ	
)
&	/
"(  


03"
	
1)+ﬁ
ﬃ	

 
-ﬀ
ﬃﬂ
	)	 ﬃ	
 #
	6 


ﬃ
ﬂ
	)	 ﬃ	 ﬃ"	-
# A  #
	 ﬃ	A
ﬂ
	


C(4
	

ﬃ	 



 Q
!

)
ﬀﬂ	5/
#
ﬀ
)$
	
!
ﬃ %
*"

	-
!
 ﬃ"	
 
& ﬃ
ﬁ
 & 	7ﬃ
ﬂ
	

	ﬀ

	
"
ﬃ	7ﬀ  

>

/
	  


ﬃ
ﬂ
	
# 0-ﬂ
	
1),$#
ﬃ	
3"
ﬃ
ﬃ

+
	
ﬁ *
&
#
	

%

"
	 ﬀﬂ	
ﬃﬃ)# 
	7ﬃ
#

ﬃﬁ
ﬀﬂ	 ﬃ
 
	

	
.!#

)#2
	1	
.!
ﬃ
3#

ﬁ0e" 
	
ﬃ
	

ﬃ	ﬀ

ﬃ
)#2
	 ﬃ
ﬂ
	
!
&

ﬀ
ﬂ
	6 

	
+
ﬀﬂ	
! 
	
"ﬁ0
ﬃ	ﬀﬂ	

	
ﬃ
	
 
	ﬀ
 
	
01
	
0 !
&



	

4&	

	
ﬃ
	
.!3#

)#2
	6 
C

	ﬀﬀﬂ	C

	-	
+
ﬀﬂ	
)
#
&	

!
ﬃ
#*+
&	ﬃ	

	ﬀ


+#2
	
" 
	

	

/	ﬀ

ﬃ
)#2
		

ﬃ"	.	

	

& 	
"
ﬃ
#

ﬃﬁ
ﬀﬂ	5
# #


&	ﬃB+
(!!3ﬃ
ﬀ
3
	
ﬁ 
	

	
 !3#

)#2
	
7
!(+
7%	

	 ﬃK+
#

!
ﬀ

H  

+

&
1ﬁ)#03
	
ﬀ

 
ﬀ

 


	 ﬀ 7
B0B


ﬁ
$#
&
#
/	 &


#I1# 8
ﬀ
ﬁ
ﬀﬂ	 ﬃ	0&

	
"
	 ﬃ	0&

ﬃ
#

ﬃﬁ
ﬀﬂ	
	
0
	&	

	
ﬃ
	
 !#

)#*
	 	

&	

	
ﬃ
	

/	ﬀ

ﬃ
)#2
	
!"9#
ﬃ	
0$#98
	

&	
3"
ﬃ
ﬃ

+
	
ﬁ
 
H
&	
 +

ﬂ
	Q
"
&
 
	ﬀ



ﬀ
$#
	
!
&
#
ﬀ
# 
	,ﬃ	

	
ﬃ
	

ﬃ	ﬀ

ﬃ
)#2
	
)
%
 !($#2
ﬃ	

ﬀﬂ	

ﬃ

ﬀ
#ﬂ
	)	
ﬁ ﬁ
	


)#

!

ﬁ 
	
ﬃ
	
 !3#

)#2
	6 

+

&
1ﬁ)#03
	
 ﬁ
H
 
7
!'
ﬀ


'  ﬃﬂ 
B 
ﬂ
B
  
2

 




  ﬁ	

ﬁ
Hﬀ	
 +

ﬂ
	


&	
"

+
	 ﬃ	

ﬀﬂ	

ﬃ

ﬀ
#ﬂ
	)	
ﬁ ﬁ
	

)
 ﬁQ !(
 %	

	 ﬃK+
#

!
ﬀ

ﬃ"	

ﬀﬂ	h

2$

		
0
1)ﬁ
ﬃ
7

"!9ﬂ
	
#
	
"
%
 ﬃ
#

ﬂ
	ﬀ
(ﬃ

A / !
	1
"
&	
!(
 %	

	 ﬃK+
#

!
ﬀ

H  
 8
)
&,+

&
1ﬁ)#03
	 6
 H
 
7
!"
ﬀ	


ﬁﬃﬂ# 
ﬂ




ﬂ

ﬂ 

ﬁ
H ﬀ

&*ﬀ

& 	

	
!ﬃ)+(+3#
&
#-ﬂ
	
!"
/

	&	
ﬁ
	



#4#
ﬃ

ﬃ
 
	
ﬃ
	
 !#

)#2
	
)
%
 !($#2
ﬃ	 ﬃ
#

#2+"$#
 	
 !(
 %	

	 ﬃB+
#

!
ﬀ

ﬃ	

ﬀﬂ	

ﬃ

ﬀ
#ﬂ
	)	
ﬁ ﬁ
	

 

	/
"(  



ﬃB+
ﬁ
	 ﬀ
(
ﬀ
ﬂ
	
#

$#
/

	C/
3#
&	 ﬃ
#ﬂ
;ﬂ
	

	

ﬀ
#
	
0
ﬃ	
ﬁ
	 /
"(  
! 

	
"


ﬃ/	
ﬂ
	&	

ﬂ
	)	
7
!4

 

ﬀ

	NM ﬀ
G
H'	

&	
"
"
1
	
0ﬃ,$#
)
!
&

 ﬃ

	E/

	 ﬀﬂ	&*&	 ﬃ"	
ﬁ
	 /
"(  

)
ﬀ

ﬃ
#
ﬃ	

%

ﬃ		


	



#

#*+
&	3
"
&



/	 ﬃ	

	
ﬃ
	
 
	ﬀ


#
3	

&



&
$#2!
&
#
ﬀ
# -ﬂ
	E	
 
ﬀﬂ	ﬃ	
ﬁ
	


)
#
&'&


ﬂ
	
!(
&
 8*1"
	
 
 RQ 
ﬀ
 
 
 0)#2
	-	

%
 -10
)
&

ﬀ

&'&
(+),$#
C,-

C
ﬁ $#
&
#
/	0ﬀﬂ	 ﬃ	

# 
"
)

,$#

!" #
ﬃ	
0$#98
	

&	
ﬁ
	

;ﬃ"	Q


	
"
;&
"
ﬃ	! 
   
 RQ 
ﬀ
    
$0ﬂﬃ "!
	
#
>7A
$ ﬀB$!
1

@
K/ﬃ= 0
D
H$B"
>7A
$
D
Hﬃ
	
#
@
	
"! 
D
!
<
#
B
0ﬂ"ﬃ.
D
$
	

6
ﬃ!@
D
  
D

4
!$.I8

ﬂﬀ3"Iﬃ!

C

 

ﬀ
 3:5
H
1  365

	 ﬀ
3"(!3#
	3/	
!
&

ﬀﬂ	=ﬃ
ﬁ
7&	 ﬀ

	
j
	,ﬃ	 &

ﬃ
ﬂ
	

	ﬀ
$#
ﬃ	
ﬂ
	&	ﬀ
ﬃ
#

! 

	 ﬃ	
#
	


0
!ﬂ
	ﬃ	

 ﬃ
ﬁ
>ﬃ	


+
	
 
ﬃ


)# 
	ﬃ	
!43 

#
/

	 ﬀ

		 &,+
ﬂ
	
$#
/

	
ﬃ1
	4ﬃ	
ﬁ
	

8/	-
#
&	
!/#
/

	
)
	


0 "$#
&	A%

&

ﬀ
")#
ﬃ
ﬁ
ﬀﬂ	7ﬃ

ﬃ
ﬂ
	

	ﬀ

	

 

	
ﬂ
	& 	ﬀ
ﬃ
 

 
 
	ﬀ


#

!(
&

.

ﬂ
	
03
ﬃ	
ﬃ	.&
 
	+/;/
#
)
%
1!(ﬃ$#2
ﬃ	&,+
#D
"
)

,$#
ﬃ"	

ﬀﬂ	
)

/	-
+
&	.ﬃ"	 ﬀﬂ	&*&

&	 ﬀ

&
)#

ﬂ
	
#
/

	 &	
&
*1
ﬃ"	 &
4+ﬁ
	ﬀ
/
#2
	ﬃ	&,+
ﬂ
	&	ﬀ
ﬃ
 

	 ﬃ
ﬂ
	

	ﬀ

	
"
 ﬃ	
!3#
	ﬃ"
A
ﬃ	
A:1
	
$+
	
)
ﬀ

ﬀ


!"1

ﬂ
	&
#)
	

&	
!
	

"
)

ﬁ
ﬀﬂ	4ﬃ"	 &
 
	ﬀ



ﬀ
$#
ﬃ	
)+ﬀﬁ
	


ﬂ
	&	ﬀ
ﬃ

1 ﬂ
	
$#
/

	
)

+
ﬂ
	
ﬃ)#
	
0;!

$#
&
#

ﬂ
	4ﬃ
ﬁ
4ﬀﬂ	


&
1ﬁ)#03
	6 

+
)+ﬀﬁ
	

ﬃ	 ﬀﬂ	
/
	
ﬂ
	
ﬃ
ﬃ"	
 ﬂ
	
ﬂ
	,ﬃ	./
"ﬁ0$#98
	

&,+
(!!)ﬃ
ﬃ"	 &,+
# 
"
)

,$#
ﬃ	7ﬃ
ﬂ
	

	ﬀ

	
"
ﬃ	
! #
	ﬃ"
A
ﬃ	
A:1
	
+
	 
"
&	
!
	

"
)

ﬁ
ﬀﬂ	 ﬃ	 &

.

ﬂ
	
03
ﬃ	 ﬃ"	 &
 ﬃ
	+/ 	



&
<ﬂ
	

&
$#
	
 ﬂ
	

	
01
#
	
ﬃ	
ﬂ
	&	ﬀ
ﬃ
5

- 

	
ﬂ
	

&
ﬃ,
 ﬃ	.ﬀﬂ	
/
	
ﬁ"
&

/	
 ﬂ
	
-ﬂ
	
 
&
#
ﬃ
ﬂ
	
"
ﬃ	 ﬃ
" ﬂ
	)	
ﬂ
	)	&'&	! 

	
#

!
&
#
ﬀ
,$#
 ﬃ	 ﬀﬂ	
/
	
ﬂ
	
ﬃ
ﬃ	
=!)ﬃﬂ
	 ﬃB+

	
!(ﬃ

"
&

	
"
	 ﬃ	
!
	

"
)

ﬁ
ﬀﬂ	=ﬃ	 ﬀﬂ	
ﬃﬃ)#D

ﬀ
# 
%	

	 ﬃ	 ﬃ
ﬂ
	ﬀ &	

ﬀ
3
	-	
0($#
&
#

ﬁ0
&,+
#D
"
)

,$#
ﬃ

ﬃ
ﬂ
	

	ﬀ

	
"
ﬃ	
!3#
	ﬃ"
A
ﬃ	
A:1
	
$+
	 ﬀﬂ	
+
&
)
	

ﬃB+
ﬁ"
	
!(ﬃ

"
&,+
ﬂ
	
 
&
",$#
ﬃ"	
!
	

"
)

ﬁ
ﬀﬂ	 ﬃ	4&,+
ﬂ
	
$#
/

	
ﬃ1
	;ﬃ	=
 
	
"
 &
"
ﬃ	
!(
&
7!ﬂ
	ﬃ	

ﬀﬂ	
ﬃB+
 ﬂ
	& 	ﬀ
ﬃ
 
-hﬁ
ﬀﬂ	,ﬃ"	
#
	

ﬀ


)
& 	
ﬂ
	

&
ﬃ,

)+"
	
0
Q
0!ﬃ
ﬀ
3
	ﬃ"	 ﬀﬂ	
 )+"
	
#
ﬃ
ﬁ
&	
ﬀ

 ﬃ	&,+
ﬂ
	
$#
/

	
ﬃ1
	 ﬃ	
ﬁ
	


!(


! 

 
  
  	
 
     ﬁﬀﬃﬂ  "! #$%  
& ﬂ'  ﬁﬀﬃﬂ    & $ﬀ   (' )ﬁ*' +ﬂ &
 -, . 5 $-43Gﬂ 0/ 4 3:5
1325476
ﬁ98;:=<	8?>@8A>-BDCFEDGH:9IJ8K8ML9:=NOCQPQ8MLJR	IJ8?<S8TLJ8M>@:JG
4VU
8;WX>;C7>@8Y<	8?NZC0ESI
4
<SRS>@:JG
4VU
<S8KEDC7GHIJ8ML[<	8?\]RSCFI  ^L
:
4
EX<DC
U
L_N
2
8 ^E`8;I-GH8
U
>@8-10ba-cC
U
L
U	4
:9IJ8dC
U
C7N]LJ87eVNH8MLY`8;f_`8
U
8MPg8
U
:JL:ih:3L
4VU
:jIJ8M>kB	8;I->-B`8MLl<SC
U
LjNH8ML_>;C
U
C7R
.
`8MNH8M>@:9I
4VU

ﬁi8;:JL
/
8;:
.
PbR
4VU

ﬁi8;:JL
/
emE
4
RSInNH8MLJ\]R	8MNZLoR
U
<S8ML
6p4
L
4VU
L

GZLJLJRDLo<	8MLn\]RSCFI  ^Lo:
4
EYL98ﬃ<ﬃ`8MLJG
U
:@q8;r7I-8
NH8;ED:
4VU
GZ\]R	8MPQ8
U
:g8;:sN
2
C7R	:9IJ8tBSC7<	I
4VU
GO\uR	8MPg8
U
:;a
C
R
-
8
M
CF:9I
4VU
e[NZCvL]`8MNZ8M>@:JG
4VU
<	8t>@8MLw`8;f_`8
U
8MPQ8
U
:JLx8ML9:
<`8MNZGO>;CF:98g8
U
I-C7GZL
4VU
<	8gNZCyI-CFI-8;:u`8y<	8ML?>
4
NONZGZLJG
4VU
LzEDI
4
<DRSGZLJC
U
:c<S8ML?\uRDCFI  ]L?:
4
E{8
U
EDC7GZIJ8MLK8;:A<SR
U
GHf78MC7R
`8MNH8;f_`8Y<	8ML[EDI
4
>@8ML-LJRSL[ESI
4
<SRDGZLJC
U
:R
U
8?LJGHr
U
CF:JR	I-8TL-GZPgGZNZC7GZIJ8cC7R|LJGHr
U
C7N}a
1
CXL98M>@:JG
4VUt~
I-CFESEp8MNZNH8?NZ8MLz>@I-GZ:@q8;I-8MLc<S8AIJ8M>
4VU
LJ:9I-RS>@:JG
4VU
8;:c<	8b<ﬃ`8M>;NH8
U
>kB	8MPQ8
U
:T<S8YN
2
8
U
I-8;rVGZL9:9IJ8MPQ8
U
:
<	8ML=EDC7GHIJ8MLl:ih:Ma

NZNH8K<`8;:JC7GZNZNZ8t`8;rVC7NH8MPQ8
U
:zNZCQLJGOPYRSNOCF:JG
4VU
<	8?>@8ML=8 
p8;:JLd<DC
U
L=NH8ML=<
4VUSU
`8;8MLdLJGOPYRSN`8;8MLMa
1
CgL98M>@:JG
4VUt
<`8	8
U
GZ:dNH8ML=>@I-GZ:@q8;I-8MLz<	8YLu`8MNH8M>@:JG
4VU
<	8ML
476
ﬁ98;:JLdEDI]`8ML98
U
:JLc<SC
U
LdNH8MLy`8;f_`8
U
8MPQ8
U
:JLc:ih:cC7G
U
LJG
\]R	8?NH8MR	I=GOPQEDC7>@:=LJR	I=N
2
8;WX>;C7>;GH:u`8Y<	8YLu`8MNH8M>@:JG
4VU
<DRsLJGHr
U
C7Np:
h
:dCF:9:98
U
<SR|<SC
U
L
U	4
:9IJ8AC
U
C7N ]L987a
132
`8;fC7NZRDCF:JG
4VU
<S8ML_
4VU
<SL3C7L-L
4
>;G`8ML?qCYNZC?L]`8MNH8M>@:JG
4VU
8ML9:R
U
`8MN`8MPg8
U
:l>@I-RS>;GZC7N<	8dN
2
C
U
C7N]LJ87a& 
4
R	I3EC7NZNZGH8;I
NH8MLj<`8	8>;GH8
U
>@8ML_8;:_NZ8ML_G
U
>@8;IJ:JGZ:JRS<	8MLNZG`8;8MLcqCKNOCKLJGZPbRSNZCF:JG
4VU
eFNZCK>
4
NZNOC
64
IkCF:JG
4VU
-10CK<ﬃ`8;f78MN
4
ESEl`8cR
U
LJCMf
4
GZI A
C7GHIJ8KC7R	:
4
R	Ic<	8?N
2
R	:JGONZGZLJCF:JG
4VU
<	8ML=<
4VUSU
`8;8ML=E
4
R	I=Cmf
4
GHIzR
U
8?PQ8MLJR	IJ8KEDI]`8M>;GZL98K8;:8DC
6
NH8?<SR
U
GHf78MC7R|<	8?NZC
EDNOR	EDCFIJ:=<	8MLz
4VU
<SL=8;:T<	8MLzEp8;IJ
4
IkPgC
U
>@8MLcC7LJL
4
>;Gk`8;8ML;a8MLd:98M>kB
U
GZ\]R	8MLcL
4VU
:c<`8M>@I-GZ:98MLc<DC
U
LdNZCL98M>@:JG
4VUt
<SRs>kBSCFEDGH:9I-87a
1
C:98M>-B
U
GZ\uRS8x<
2
8 ]:9IkC7>@:JG
4VU
<	8xNOCL98M>@:JG
4VU
8;WX>;C7>@8Ł8ML9:X<`8M>@I-GZ:98x8
U
L98M>@:JG
4VU
/
a
1
CEDI
4
>`8M<SRSIJ8x<	8
L]`8MNH8M>@:JG
4VU
>
4VU
<SRDGH:=N
2
C
U
C7N^L98qC 8;:9I-8Y<SGHf^GZL]`8;8K8
U
\uRSCF:9I-8A>;C
U
C7Rx<
2
`8;:JRS<	8A8 ^>;NZRDLJGHL;eSL98MN
4VU
NOC0C7PgGONZNH8K<SR
NH8;ED:
4VU
Lu`8MNH8M>@:JG
4VUSU
`8Y8;:dNZC0PYRDNH:JGHEDNZGO>;GH:u`8z8
U
ﬁ98;:JLd<S8?N
2
`8;f_`8
U
8MPQ8
U
:;a
1
8ML=>
4
PQECFI-C7GZL
4VU
Ll8
U
:9IJ8ANZ8ML
U	4
P
6
IJ8ML
<
2
`8;f_`8
U
8MPQ8
U
:JL
476
L98;IJf_`8MLY8;:AEDI]`8M<SGH:JLA<DC
U
L?>-BDC7>;R
U
<	8MLY>;C
U
C7R<
2
C
U
C7N ]L98XE8;IkPQ8;:9:98
U
:b<
25476
:98
U
GZIAR
U
8
PQ8ML-R	IJ8=<	8dNOC?L98M>@:JG
4VU
8;WX>;C7>@8z<S8dESI
4
<SRS>@:JG
4VU
<	8=EDC7GHI-8ML_<	8d\]RSCFI  ^L_:
4
Ena
-
I
4
GOL3P`8;:JB
4
<	8ML;e]>;NZC7LJL]`8;8MLEDCFI
4
I-<SIJ8K<	8A>
4
PQEDNZ8 ^GH:]`8A>@I
4
GZLJLJC
U
:987e
4VU
:`8;:u`80R	:JGZNOGZLu`8;8ML[E
4
R	I=PQ8MLJRSIJ8;I=>@8;:9:98Y\]RSC
U
:JGH:u`87a
1
CLJ8M>@:JG
4VU
Q
I]`8;E8;I-:
4
I-GH808;:K<ﬃ`8;:JC7GZNZNH80N
2
`8;fC7NORSCF:JG
4VU
<	8MLTG
U
>@8;I-:JGH:JRS<	8MLcL ^L9:u`8MPgCF:JGZ\]R	8MLKC7LJL
4
>;Gk`8;8MLqCyNZC
PQ8ML-R	IJ87a 8MLgG
U
>@8;IJ:JGH:JRS<S8ML0ESI
4
f^GH8
USU
8
U
:g<	8MLg:98M>-B
U
GO\uR	8MLR	:JGZNZGOLu`8;8MLQN
4
I-Lg<	8xNOCLu`8MNH8M>@:JG
4VU
e38;:XG
U
>;NZRS8
U
:
R
U
8Q8ML9:JGZPgCF:JG
4VU
<	8XN
2
GOPQEDC7>@:A<	8MLA8;IJIJ8MR	IkL?<	8gIJ8M>
4VU
L9:9I-RS>@:JG
4VU
e<	8XL]`8MNH8M>@:JG
4VU
C7G
U
LJGj\]R	8X<	8MLYPv`8;:JB
4
<S8ML
R	:JGONZGZL]`8;8MLlE
4
R	I[8ML9:JGZPg8;IdNH8ML
U
GZf78MC7Ry<S8
6
I-RSGH:JLl<	8K
4VU
<oa

U
8
U
eVNOC?L98M>@:JG
4VU

ESI^`8MLJ8
U
:98TNH8dI^`8ML-RSNH:JCF: 8
U
C7NSEDCFI>;C
U
C7ND<S8zL]`8MNH8M>@:JG
4VU
C7G
U
LJG	\uRS8zNZC?LJ8M>@:JG
4VU
8;W>;C7>@8
476
:98
U
R	8=E
4
R	IﬃNH8ML3>;C
U
C7RQ>
4
P
6
G
U
`8MLMau
U
8d<	8;I
U
Gq8;IJ8=EDCFIJ:JGZ8d<SGZLJ>;RS:98=<	8ML_f_`8;I-G98D>;CF:JG
4VU
L3LJR	EDEDNk`8MPQ8
U
:JC7GHIJ8ML
\]RSG
4VU
:`8;:u`8b8 
p8M>@:JRﬃ`8;8MLcL-R	I=>@8;:9:98bPg8MLJR	IJ87a
7
/
     ﬂ /_/!1 50/27 568ﬂ2 / /2527 56$ 
	
 '>=  ,:*
 3
*

- -

132
C
U
C7N^L988ML9:
6
C7Lu`8;8vLJR	IxNZ8MLx<
4VUSU
`8;8MLŁ<SRdR
U
<SR
-
8
M
CF:9I
4VU
ec>
4
NZNH8M>@:]`8;8MLŁEDCFI|NH8<`8;:98M>@:98MR	I

0 8
U
:9IJ8C
4
R	:
~ﬀ
V~
8;:C
4
R	:
~ﬀ
F
a
1
8ML `8M>kBSC
U
:JGZNZN
4VU
Lﬂﬁ
U
C7R >
4
IJIJ8ML9E
4VU
<	8
U
: qC
 ~7~ﬃ%~
Q
E
6
!  
"
 ~
Q
ﬃ ~
Q
E
6
!  $#
<	8s<
4VUSU
`8;8MLX<SC
U
L0NH8s>;C
U
C7N
.
PbR
4VU

ﬁ98;:JL
/
"
.
`8MNH8M>@:9I
4VU

ﬁi8;:JL
/ #
a&%8;:9:98xC
U
C7N ]L98yC7GH:
CFESEp8MNﬃqCXR
U
L ^L9:;q8MPQ80<	8A<`8M>;NH8
U
>-B	8MPQ8
U
:T<	8MLy`8;f_`8
U
8MPQ8
U
:JLMa'%8AL ^L9:@q8MPQ8b8ML9:zC7<SCFED:u`8xqCgN
2
8
U
f^GHI
4VU
8MPQ8
U
:
BSC7<SI
4VU
GZ\]R	8g<	8BSC7R	:98PbRSNH:JGZEDNZGZ>;GH:]`8g<SR
-
8;fFCF:9I
4VU
a
1_2
C
U
C7N]LJ8XIJ8M\]RSGH8;IJ:YC7RSLJLJGﬃ<	8MLY<
4VUSU
`8;8MLY<S8
6p4VUSU
8
\]RSC7NZGH:]`87a

U
I-C7GZL
4VU
<	8|NZC I^`8M\]R	8
U
>@8t<	8MLX>
4
NZNOGZLJG
4VU
L
"

a)(+*
ﬃ  #
8;:<	8|NOC\uRSC
U
:JGH:]`8<
2
G
U

4
I-PgCF:JG
4VU
qCvNZGHIJ8
8;:tqC:9I-C7GH:98;IMe3GON[8ML9:XG
U
<SGZL9Ep8
U
LJC
6
NH8<	8x<`8,ﬁ
U
GHIgESI^`8M>;GOLu`8MPQ8
U
:NH8MLX>
4VU
<SGH:JG
4VU
LQ<S8|<ﬃ`8M>;NH8
U
>kB	8MPQ8
U
:;a.-
4
L
`8;f_`8
U
8MPQ8
U
:JL
4VU
:`8;:]`8?8
U
IJ8;rVGZL9:9I^`8ML[r7I C7>@8qCQNZCAEDI]`8ML98
U
>@8?<
2
R
U
NH8;ED:
4VU
8;:=<
2
R
U
ﬁi8;:`8
U
8;IJr `8;:JGZ\]R	8ML=LJ8MN
4VU
NH8ML
>@I-GZ:@q8;I-8MLdLJRSGZfC
U
:JL0/
13246587:9<;=246>@?AN
2
`8;f_`8
U
8MPQ8
U
:X<
4
GH:QCMf
4
GZIX<	8ML0:
4
R	I-L0<	8s<`8M>;NH8
U
>-B	8MPQ8
U
:X>;C7N
4
IkGZPv`8;:9I-GZ\]R	8sC7RCB
<	8MLJLJRSLd<	8MLzLJ8MRSGZNZL=L-RSGHfFC
U
:JLD/

LFE

HG
8
M
E
4
R	IzN
2
`8MNH8M>@:9I
4VU
8;:

LFE
(
G
8
M
E
4
RSIdNH8ML ﬁi8;:JL;e8;:
<	8ML=<`8;E 
4
:JLz<
2
`8
U
8;IJrVGH8A<DC
U
L=NH8ML=L->;G
U
:JGONZNZCF:98MR	I-L?qCQPbR
4VU
L;e
1324F5'7:9<;=24I>KJLADNZ8MLﬃL98MRDGZNZLj8
U
`8
U
8;IJrVGH8cL
4VU
:C7R	rVPg8
U
:]`8MLAqC

MG
8
M
E
4
RSI3NH8ML ﬁi8;:JL8;:ﬃ<S8MLﬃ>@I-GZ:@q8;I-8ML
<	8[\uRSC7NOGH:u`8=L
4VU
:ﬃGZPQE
4
Lu`8MLjC7RCN{`8MNZ8M>@:9I
4VU
L
"
>
4
PXPQ8=NZCTI-C7>@:JG
4VU
`8MNH8M>@:9I
4
PXCFr
U
`8;:JGZ\uRS8
#
8;:3C7RCNQPbR
4VU
L
"
U	4
P
6
IJ8?<
2
GZPQEC7>@:JL=<SC
U
L[NH8MLd>-BSC7P
6
IJ8ML0qCgPYR
4VU
L
#
e
1324O5'7:9P;Q24R>.STAC7RvP
4
G
U
LAR
U
NH8;ES:
4VU
<	8
6p4VUSU
8X\uRDC7NZGH:u`8Cmf78M>

L
E

(
G
8
M
8;:0<	8MRCN ﬁ98;:JL
`8
U
8;IJr `8;:JGZ\uRS8ML
"

LUE
~ﬀVG
8
M
#
<
4
GHf78
U
:=CMf
4
GHIx`8;:u`8bIJ8M>
4VU
LJ:9I-RSGH:JL;a
1
8MLT>@I-GH:@q8;IJ8ML?<	80<`8M>;NH8
U
>kB	8MPQ8
U
:?R	:JGZNZGOLu`8MLcL
4VU
:K<`8;:JC7GZNZN`8MLT8
U
C
UDU
8WN]8MXca
C
EDCFIJ:JGZIT<S8MLcL-GZPYRDNZCF:JG
4VU
L;e
N
2
8;W>;C7>;GH:u`8P
4
78
USU
8<	8ML>@I-GH:;q8;IJ8MLy<	8t<ﬃ`8M>;NH8
U
>-BS8MPQ8
U
:sC `8;:u`88MLJ:JGZPv`8;8wqCIY
 
E
4
R	INH8MLw`8;f_`8
U
8MPQ8
U
:JL
:
h
:=I-8M>-B	8;I->kBﬃ`8ML;a
132
C
U
C7N^L98IJ8M\]RSGH8;IJ:w`8;rVC7NH8MPQ8
U
:|\]R	8NH8MLy<
4VUSU
`8;8MLsf_`8;I-GZﬁS8
U
:x<	8MLs>@I-GH:;q8;IJ8ML|<	8\uRSC7NOGH:u`8LJE`8M>;GZﬁD\]R	8ML
EDCFIgN
2
R	:JGZNZGZL-CF:JG
4VU
<	8sENZRSLJGH8MRSI-L
U
GZf78MC7RCN <S8HﬁNH:9I-CFr787a[%8MLg<S8;I
U
GH8;I-LYf^GZL98
U
:Q8MLJL98
U
:JGH8MNZNH8MPQ8
U
:|qCIJ8ﬁ98;:98;I
NH8MLv`8;f_`8
U
8MPQ8
U
:JLX<SRSL0C7RCN
6
I-RSGZ:JLY<SR >;C7N
4
IkGZPyq8;:9IJ8s8;:ŁqC<	8ML0ESI
476
Nq8MPQ8MLQ>
4VUSU
RSL0<
2
`8MNH8M>@:9I
4VU
GZ\]R	87a_
U
8
<	8ML->@I-GHES:JG
4VU
8WN^BDC7RSL9:JGHf78T<	8K>@8ML[>@I-GH:;q8;IJ8ML[<	8T\]RSC7NZGH:]`8KL98c:9I
4
R	f78K<SC
U
LlNZCYEDCFIJ:JGH8

a

a

a

N8MLJ:?qC
U	4
:98;I[\]R	8
>@8;:9:98dC
U
C7N]LJ8[8ML9:
6
C7L]`8;8dLJRSI_NH8MLj<
4VUSU
`8;8ML3IJ8M>
4VU
L9:9I-RDGH:98MLEDCFI_NZCTf78;I-L-G
4VU
2]\,^Y<SRQ>
4
<S8=<	8lIJ8M>
4VU
L9:9I-RD>@:JG
4VU
<	8

0bej>
4
IJI-GHr `8;8ML08;:0:9I-C
U
LJ>@IkGH:98ML0<SC
U
LbNH8>;C7<SIJ8<S8>
4
IJI-8M>@:JG
4VU
LQ>
4
PgPbR
U
8ML0<`8,ﬁ
U
GZ8MLAEDCFIQNH8r7I
4
R	Ep8
.
:
4
E
/
a]%8ML=>
4
IJIJ8M>@:JG
4VU
L=L
4VU
:=I^`8MLJRSP`8;8MLc<SC
U
L[NZ8KEDCFI-CFr7I-CFEDBS8

a)(08;:d<`8;:JC7GZNZN`8;8MLz<SC
U
L[NZC0I^`8;M`8;IJ8
U
>@8_`(
,a
a
b '('  ,:*
c
0ed . - *

f!g
J
g
J
g
? hi;=5ji;Qkl2nmo7qpP5
1
8zLJGZr
U
C7NS8;::
4
RSLNH8ML3
4VU
<SL
4VU
:`8;:u`8Tr `8
U
`8;I^`8ML0qC
ﬃ
L[r
ﬀs
Y
Q
-
8
M
CMf78M>utMvxwy'z{
"
f78;I-LJG
4VU

a

a

#
_

Q
a
"
r `8
U
`8;I-CF:98MR	I[|

*

E
4
RSI}
ﬂ ﬀ ~) ,  ﬂ ﬀ@

W  
#
E
4
R	I NH83ESI
4
>@8MLJL-RSLnESIkG
U
>;GHEDC7N a%l83r `8
U
`8;I-CF:98MR	I
8ML9:
6
C7L]`8gL-R	IcR
U
>;C7NO>;RSN 8WN^C7>@:?<	80N
2
`8MN`8MPQ8
U
:A<	80PgCF:9I-GZ>@8Q<SRtESI
4
>@8MLJL-RSL0qCyN
254
Ik<	IJ80<	8X
4
I
U
e>@8g\]RSG NZRSG
>
4VU
 q8;IJ8ŁR
U
G
U
:]`8;I8;:y>@8;IJ:JC7G
U
E
4
RSIgN
2
`8;:JRS<	8Ł<S8ML`8;f_`8
U
8MPg8
U
:JLy<	8xBSC7RS:98|PYRDNH:JGHEDNZGO>;GH:u`8
"
EDI
4
>@8ML-LJRSLgCmf78M>
`8MPgGZL-LJG
4VU
Lz<	8YECFIJ:
4VU
Lc<SR	I-L
#
a
1
8br `8
U
`8;IkCF:98MR	IŁwC']!:_`Y
a
Q
a
~ﬀV~
8ML9:TR	:JGZNZGOLu`8?E
4
R	IcNZ8MLdI-C7<DGZCF:JG
4VU
Lz<SC
U
L
NH8MLŁ`8;:JCF:JLbG
U
GH:JGOC7N
"

ﬁC
#
8;:Dﬁ
U
C7N
"
| ﬁC
#
eNZ8MLK<ﬃ`8MLJG
U
:u`8;r7IkCF:JG
4VU
LY8;:?N
2
BSC7<	I
4VU
GZLJCF:JG
4VU
<	8MLTEDCFI-:
4VU
Luﬁ
U
C7RnNa
1
8MLﬃ
4VU
>@:JG
4VU
L<S8T<DGZL9:9I-G
6
R	:JG
4VU
LEDCFI-:
4VU
GZ\]R	8MLlR	:JGZNZGZL]`8;8MLlL
4VU
:PPz<Qv_`
a
a
1
8MLlNZG
6
I-C7GHI-GZ8MLK'z{3_`(
~
a
7
Q
8;:Q vxL_`(

a

4
R	I
U
GZL-L98
U
: IJ8ML9Ep8M>@:JGHf78MPg8
U
:_NH8ML_I-CFESE
4
IJ:JL<
2
8MP
6
I-C
U
>kB	8MPQ8
U
:_8;:3NH8MLj<SRSI]`8;8ML_<	8[f^GH8[<	8ML
<SGd`8;IJ8
U
:JL?P`8ML
4VU
L
6
8MC7RnN+/ X
D
X	
D
X


D
X	
5
8;:
4
eo8;:Y<	8MLKNH8;ES:
4VU
L
 
a
132
`8;f_`8
U
8MPQ8
U
:0L
4
RSLBJC7>@8
U
:;e8ML9:
LJGOPYRSN`8bEDCFI wC']!:
"
f78;I-LJG
4VU
Q
a
~ﬀV~
#
a
1
8ML|`8;f_`8
U
8MPQ8
U
:JLA<S8
6
GZC7GZLcPgG
U
GZPbRSPL
4VU
:T:JGHI^`8MLKC7N`8MCF:
4
GZIJ8MPQ8
U
:
L98MN
4VU
R
U
8x<SGZLJ:9I-G
6
R	:JG
4VU
E
4
GZLJL
4VU
GH8
USU
8y<	8xP
4
8
USU
8

a

8;:XL
4VU
:XC
4
R	:u`8MLC7RCN `8;f_`8
U
8MPQ8
U
:JLr `8
U
`8;I^`8ML;a

NZLKL
4VU
:YLJGOPYRSN`8MLqCsEDCFIJ:;eCmf78M>NZ8Qr `8
U
`8;IkCF:98MR	IwC']!: 8;:YNZCyf78;I-L-G
4VU
P]zQvyE
4
R	IANH8MLK
4VU
>@:JG
4VU
L?<	8
<	8
U
LJGH:u`8ML[EDCFIJ:
4VU
GZ\uRS8ML;a
C
RCN>;CFI-C7>@:u`8;I-GZL9:JGZ\]R	8ML>
4
PXPYR
U
8ML<	8 NZCr `8
U
`8;I-CF:JG
4VU
<S8ML `8;f_`8
U
8MPQ8
U
:JL<	8LJGHr
U
C7Nb8;:<	8 
4VU
<SL
L
2
C
4
R	:98
U
:dNH8ML[ECFIJ:JGZ>;RSNZCFIkGH:u`8ML=LJRSGHfFC
U
:98ML;a
1
8MLA`8;f_`8
U
8MPQ8
U
:JL_: h:jL
4VU
:_>;C7NZ>;RSN`8MLj>
4
PgPg8lR
U
EDI
4
>@8ML-LJRSL
~
Q
e7\uRDG]CTN
2
CmfC
U
:JCFr78d<	8ESIJ8
U
<	IJ88
U
>
4
PgES:98
>
4
PQENq8;:98MPQ8
U
:NH8MLQ>
4
IJI^`8MNZCF:JG
4VU
LX<	8sL9EDG
U
a
1
8MLv`8;f_`8
U
8MPg8
U
:JL98;:JLgL
4VU
:Qr `8
U
`8;I]`8ML8
U

4VU
>@:JG
4VU
<SR
U	4
P
6
IJ8T<	898;:JLl8;:=<	8KNH8MR	IlLJCMf78MR	Iz<
254
I-GHrVG
U
8
"
N`8;r^q8;IJ8
"
RD<SL
#
e	>
4
R
6
#
a	NH8MLEDCFI-C7Psq8;:9IJ8MLdESI-G
U
>;GZEDC7RCN0r
4
RCB
f78;I
U
C
U
:TNZCESI
4
<SRS>@:JG
4VU
8;:TNOC<`8MLJG
U
:]`8;r7I-CF:JG
4VU
<	8MLx`8;f_`8
U
8MPQ8
U
:JL?: h:c8;: 98;:JLKL
4VU
:cI^`8ML-RSPv`8MLK<SC
U
LcNZC
EDCFI-:JGH8l:JBﬃ`8
4
I-GH8

a

a

aﬀ
U
ﬁ
U
eNH8MLb`8;f_`8
U
8MPQ8
U
:JLﬁﬂﬃ! "#98;:JL_L
4VU
:jr `8
U
`8;I]`8MLﬃ8
U

4VU
>@:JG
4VU
<SR
U	4
P
6
IJ8=<	8$98;:JL;a
132
G
U
:98;I-M`8;IJ8
U
>@8%ﬁ&ﬂﬃ  8ML9:dESI-GZL98T8
U
>
4
PgES:987a
b '  ' 0 d. -)(+*10,'
6
.
6
*
-,
-


,/.
d

$*

U
`8;f_`8
U
8MPQ8
U
:jI]`8;8MN 8MLJ: 8
U
I-8;rVGZL9:9I^`8lLJR	I
6
C
U
<	8_8;:>
4VU
L98;IJf_`8lE
4
RSIN
2
C
U
C7N

L98L
2
GZN L-CF:JGZL9C7GH:C7RCNA>@I-GZ:@q8;I-8ML
<	8K<`8M>;NH8
U
>-B	8MPQ8
U
:x`8;f
4
\]Rﬃ`8MLdESI^`8M>`8M<	8MPXPQ8
U
:z8;:d<`8;:JC7GZNZN`8MLd8
U
C
USU
8WN^8DXca
1
8MLy`8;f_`8
U
8MPQ8
U
:JLzL-GZPYRDNk`8ML=R	:JG B
NZGOLu`8MLjE
4
R	I3N
2
C
U
C7N

L98=<
4
GHf78
U
:ﬃEDC7LJL98;IﬃNH8ML3P 8MPQ8ML>
4VU
<SGZ:JG
4VU
L_<	8z<ﬃ`8M>;NH8
U
>-BS8MPQ8
U
:;a  
4
R	I
476
:98
U
GHI3>@8MNZC^e]NH8ML
:9I
4
GOL|`8;:JCFEp8MLY<SR<ﬃ`8M>;NH8
U
>kB	8MPQ8
U
:AE
4
R	IJI-C7GZ8
U
:j8;:9IJ8XLJGOPYRSN`8;8MLT8;:YCFESEDNZGZ\]R`8;8MLKC7RCN `8;f_`8
U
8MPQ8
U
:JLbLJGZPbRSNk`8ML;a
%8;Ep8
U
<DC
U
:>@8;:9:98[ESI
4
>D`8M<SR	IJ8lI^`8M<SRSGZ:NOCzL9:JCF:JGOL9:JGZ\]R	8<DGZL9E
4VU
G
6
NZ8j8;:
U
`8M>@8MLJLJGH:98=R
U
:9I-CmfC7GON]GOPQE
4
IJ:JC
U
: E
4
R	I
IJ8;EDI
4
<DRSGHIJ8=<	8zC >
4VU
ﬁDC
6
NH8zNZCAI]`8MC7NZGH:]`8K<SR<ﬃ`8M>;NH8
U
>-BS8MPQ8
U
:;a
1
CYLJ8M>
4VU
<	8TPv`8;:JB
4
<S87e]R	:JGONZGZL]`8;8zGO>;G}eu>
4VU
L-GZL9:98
8
U
R
U
8QE
4VU
<ﬃ`8;I-CF:JG
4VU
<	8ML`8;f_`8
U
8MPQ8
U
:JL;a
1
8gE
4
GZ<DLcRS:JGZNZGZL]`8Q8ML9:`8;rVC7NTqCxNZCyESI
476
C
6
GZNZGZ:u`8Q\]R	8gN
2
`8;f_`8
U
8MPQ8
U
:
L
4
GZ:j8
U
IJ8;rVGZL9:9I^`8=L-R	I
6
C
U
<	8=>
4
PXPQ8dL
2
GZN]ESI
4
f78
U
C7GH:ﬃ<
2
R
U
8lf]I-C7GH8=>
4
NZNZGOLJG
4VU
E
h
Eg<SR
-
8
M
CF:9I
4VU
aC%l8[E
4
GO<SL 8ML9:
>;C7NZ>;RDNk`8sqCEDCFIJ:JGZIc<	8MLcESI
4
ESI-G`8;:u`8ML?>;G
U
`8MPgCF:JGO\uR	8MLT<	80N
2
`8;f_`8
U
8MPQ8
U
:AIJ8M>
4VU
L9:9I-RDGH:
"


e

e0<	8MLT<SGd`8;IJ8
U
:JL
476
98;:JL
#
a
1
CﬁSrVRSIJ8Ł(]a
~
a

P
4VU
:9I-8ANH8ML=EDI
476
C
6
GZNOGH:u`8ML=<	8A<`8M>;NH8
U
>-B	8MPQ8
U
:dE
4
R	IzNH8ALJGHr
U
C7No8;:zNH8A
4VU
<xESI-G
U
B
>;GHEC7N


 

,
a
1
8MLy`8;f_`8
U
8MPQ8
U
:JLT:
h
:
4VU
:zR
U
8KEDNZRSLlr7I-C
U
<	8?ESI
476
C
6
GZNZGH:]`8K<
2
8;:9IJ8Y8
U
IJ8;rVGZL9:9I^`8MLcLJR	I
6
C
U
<	8
\]R	8zNZ8MLg`8;f_`8
U
8MPQ8
U
:JL


 

,)
/^NZCbPYRDNH:JGHEDNZGO>;GH:u`8=8
U
98;:JLl8ML9:EDNZRSLﬃGZPQE
4
IJ:JC
U
:98d8;:[NH8MLNH8;ES:
4VU
LL
4VU
:lEDNZRSL
`8
U
8;IJr `8;:JGZ\]R	8MLz8;:=EDNZRDL>@8
U
:9I-C7RCNx<SC
U
L=NH8ML[EDC7GZIJ8ML[<	8A\]RSCFI  ^Ll:
4
Ena
%
4
PgPQ8XNH8L

LJ:@q8MPg8<
2
C7>;\]RSGZL-GH:JG
4VU
<	8MLY<
4VUSU
`8;8MLsqC

0 8ML9:YR
U
8XLJRS>;>@8MLJL-G
4VU
<	8X:9I
4
GZL
U
GHf78MC7RCN<	8
<`8M>;GZL-G
4VU
<	8>
4
PQENH8WN^GZ:u`8v>@I
4
GZLJLJC
U
:98
1

e
1 ~
8;:
1 
edNOC ESI
476
C
6
GONZGH:u`8<	8{<`8M>;NH8
U
>kB	8MPQ8
U
:|rVN
476
C7NH8<	8
N
2
`8;f_`8
U
8MPQ8
U
:z8ML9:=>;C7NO>;RSNk`8;8Y<	8?NOC0C >
4VU
LJRSGHfFC
U
:98/
1
32	
r
1
32	
"54
6
4
~
6
4

#
r
1
32	
"54

#87
1
32	
"54
~
 4

#97
1
:2	
"54

 "54

6
4
~
# #
"
(]a
~
a

#
 #;=<
K
8ML9:jNH8ﬃE
4
GO<SLnrVN
476
C7NuCFESENZGZ\]Rﬃ`8cqCzN
2
`8;f_`8
U
8MPQ8
U
:_8;: 8ML9:A`8;rVC7NqCcNZCdESI
476
C
6
GONZGH:u`83<	8EDC7LJL98;INH8ML
U
GHf78MC7RnN
1

8;:
1 ~
8;:
1 
<S8zNZC?>kBSC  
U
8z<	8z<`8M>;NH8
U
>-B	8MPQ8
U
:;a

ND8ML9:Q`8;rVC7NpC7RgESI
4
<SRDGH:_<	8ML_EDI
476
C
6
GZNOGH:u`8ML_>
4VU
<SGH:JG
4VUSU
8MNZNH8ML
<	8=L-CF:JGZL9C7GHIJ8l:
4
R	:98ML3NZ8ML_>
4VU
<SGH:JG
4VU
LdqCK>-BSC7\]R	8
U
GHf78MC7RgLJC7>kBSC
U
:ﬃ\uR	8=>@8MNONH8ML_<	8ML
U
GHf78MC7RCN0ESI]`8M>D`8M<	8
U
:JLL
4VU
:
<`8> qCgLJCF:JGZLJC7GH:98MLMa
1
8X<ﬃ`8M>;NH8
U
>kB	8MPQ8
U
:YIJ8;E
4
L98LJR	IANZC|<ﬃ`8;:98M>@:JG
4VU
<
2
C7R{P
4
G
U
L?R
U
NZ8;ES:
4VU
8;:bR
U
98;:AIJ8ML9Ep8M>@:JC
U
:Y>@8;IJ:JC7G
U
8ML
7?
Poids de declenchement
0.75 0.8 0.85 0.9 0.95 1
Pr
ob
ab
ili
te
 (lo
g.)
-410
-310
-210
-110
1
Poids de declenchement :
3 jets≥ l+→tt
3 jets≥W+
 
yD(]a
~
a

		ﬁﬀﬃﬂ 	! 
"#"
	%$
"
	'&()$	*$
"
$+ 
"-,
ﬂ
"

,./"

"
/0&()(1ﬂ
"
	2 
"43
 
"

"

"
	65875:9<;>=@?BADCE;5GF
"
IHKJL9B;#MN8=O?PA0CQ;5GF)R
>
4VU
<DGH:JG
4VU
L;a
1_2
B

E
4
:JBoq8ML98QR	:JGZNOGZLu`8;8A8ML9:K\]R	8Y>@8MLK<S8MRCNx:

Ep8MLc<
25476
i8;:JLTL
4VU
:TG
U
<`8;Ep8
U
<SC
U
:JLdf^GZLBqClB f^GZLc<SR
<`8M>;NH8
U
>-B	8MPQ8
U
:D/SNOC0ESI
476
C
6
GONZGH:u`8TE
4
RSI=R
U
L98MRSNo:

Ep8?<
25476
i8;:d<S8?LJCF:JGZL9C7GHIJ8K<	8MLz>
4VU
<SGH:JG
4VU
LLJE`8M>;GZﬁD\]R	8ML
<	8[<`8M>;NH8
U
>-B	8MPQ8
U
:
U
8=<`8;Ep8
U
<0EC7Lj<	8=NZCcESI^`8ML98
U
>@8=<S8ML_C7R	:9IJ8ML
476
i8;:JL;a

N]8ML9:3<
4VU
>ﬃEp8;I-PXGZL <S8[C7>@:
4
I-GOL98;I
>kBSC7\uRS8?:98;I-PQ8?<	8YN
2
`8M\uRSCF:JG
4VU
(]a
~
a

L
4
RSL[NZCQ
4
I-PQ8/
1
32	
"54TS
#
r
1VU
EW 	XY
"54S
#$7
1TZ
 


	
"54S
#

U
CFESEDNZGZ\]RSC
U
:[>@8;:9:98YB

E
4
:JBoq8ML98AC7RnN 98;:JL;eSNH8?<S8;I
U
GH8;I[:98;I-Pg8?Ep8MR	:[L
2
`8M>@I-GHIJ8V/
1TZ
 


	
"54S
#
r
ﬁ[
\^]_Q`a
b

	
ﬃc
 
"
6[
1


	

"54S
# #
4
qRed
J
;
K
8ML9:lNZC?ESI
476
C
6
GZNZGZ:u`8c\uR
2
R
U
98;:[LJCF:JGZL9C7LJL98TNH8ML>
4VU
<SGH:JG
4VU
L3<SR<ﬃ`8M>;NH8
U
>kB	8MPQ8
U
:;a

UUS4
:98T\]R	8cN
2
B

B
E
4
:JBoq8ML98T<
2
G
U
<`8;Ep8
U
<DC
U
>@8=8
U
:9IJ8cNZ8ML
476
98;:JLlC`8;:]`8Kf_`8;I-GZﬁl`8;8TE
4
R	IﬃNH8ML&98;:JLﬃ8;:
Uo2
CYEDC7Lg`8;:u`8?PXGZL98=8
U
<`8;C7R	:;a
1
8MLQESI
476
C
6
GZNZGH:]`8MLfd


;Gg
Kih#j
8;:kd
Z
 
J
;
K
L
4VU
:XEDCFI-C7P`8;:9I^`8;8ML8
U

4VU
>@:JG
4VU
<SRP
4
PQ8
U
:X:9I-C
U
L9f78;I-LJ8x8;:
<	8NZCsEDLJ8MRS<
4
B I-CFEDGO<SGH:u`8X<	8ML
476
98;:JLYI-8M>
4VU
L9:9I-RSGZ:JL;a3NONH8MLAL
4VU
:0PQ8MLJR	I^`8;8MLxqCxECFIJ:JGHIY<S8MLY<
4VUDU
`8;8MLYI^`8;8MNONH8ML
8;:c8
U

4VU
>@:JG
4VU
<S8MLzf78;IkLJG
4VU
Lc<SRt<ﬃ`8M>;NH8
U
>-BS8MPQ8
U
:?RS:JGZNZGZL]`8;8ML;a!%8MLcESI
476
C
6
GZNZGH:]`8MLc<	8b<`8M>;NZ8
U
>-B	8MPg8
U
:KL
4VU
:
P
4VU
:9I^`8;8ML8
U
C
UDU
8WN]8cXza
1
C{ESI
476
C
6
GZNZGH:]`8x<	8|<`8M>;NZ8
U
>-B	8MPg8
U
:s<
2
R
U
`8MNH8M>@:9I
4VU
8ML9:<S8c(
!l
E
4
R	IR
U
8
`8
U
8;IJrVGZ8c:9IkC
U
L9f78;I-L98KEDI
4
>kB	8K<SRyL98MRSGZN<	8K<`8M>;NH8
U
>kB	8MPQ8
U
:=<	8

(
G
8
M
8;:lCF:9:98MG
U
:=R
U
EDNOCF:98MC7R{qCMY
(
ﬃ

l
E
4
R	I[R
U
8`8
U
8;IJrVGH8?:9I-C
U
L9f78;I-L98?<
4
R
6
NH87a
%
4VU
>@8;I
U
C
U
:gNH8MLQPbR
4VU
L;e_N
2
8;W>;C7>;GH:u`8Ł<	8x<`8M>;NH8
U
>-B	8MPQ8
U
:XfFCFI-GH8y8
U

4VU
>@:JG
4VU
<	8
  
8;: 0 qC>;C7RDL98
<	8bNZC>
4
R	f78;IJ:JR	IJ8
U	4VU
>
4
PQEDN}q8;:98MPQ8
U
:?B	8;I-P`8;:JGO\uR	80<	8MLc>-BSC7P
6
IJ8MLgqCPYR
4VU
L
"
:9I
4
RSLz8;:#
4VU
>@:JG
4VU
8
U
:9IJ8
NH8MLd<SGd`8;I-8
U
:98MLdEDCFIJ:JGH8ML=<DRx<ﬃ`8;:98M>@:98MR	IgqC
 nm
;
K
!o

s ?
#
a]%8;Ep8
U
<DC
U
:;eS>@8;:9:98b8;WX>;C7>;GH:]`80<	8?<ﬃ`8M>;NH8
U
>kB	8MPQ8
U
:
Uo2
8MLJ:ﬃEDC7LlECFI-C7Pv`8;:9I]`8;8?8
U
0^pQEDRSGZL-\uR	8cNH8MLESI
4
>@8MLJLJRSLﬃEDB

L-GZ\uRS8MLﬃL
4VU
:[<	8KL

Pv`8;:9I-GH8K>

NOG
U
<	I-GO\uR	8=C7RS:
4
R	I
<	8?N
2
ClN]8A<DRsC7GOLJ>@8MC7Roa

Np8WN^GOL9:98?E
4
R	IJ:JC
U
:d<	8ML=>
4
I-I]`8MNZCF:JG
4VU
8
U
0Ł8
U
:9I-8ANH8ML=PbR
4VU
L[8;:cNH8ML=C7R	:9I-8ML
476
98;:JL
<	8?N
2
`8;f_`8
U
8MPQ8
U
:cPXC7GZLl8MNZNH8ML=L
4VU
:=C7G
6
NZ8MLl8;:dL
4VU
:d<
4VU
>
U
`8;rVNZGZr `8;8MLMa
132
8;WX>;C7>;GH:]`8gP
4
8
USU
8Q<	8Q<ﬃ`8M>;NH8
U
>kB	8MPQ8
U
:T<S8MLc<S8MRCN|ESIJ8MPXGH8;I-L
U
GHf78MC7RCN
4
6
4
~
8ML9:K<	8Y
uﬃ

l
a

C
U
L
U	4
:9IJ80>;C
U
C7N <	8AIJ8M>kB	8;I->kB	8b<S8MLx`8;f_`8
U
8MPQ8
U
:JLK:
h
:;eNZ8YPbR
4VU
GOLJLJR|<
2
R
U
98;:dE
4
R	IJIkC7GH:d>
4VU
:9I-G
6
R	8;IcC7R
7

<`8M>;NH8
U
>-B	8MPQ8
U
:lLJR	IﬃNZ8ML3PbR
4VU
L;aC*|C7GZL>@8MNZRSGZB >;G	8ML9:l<	8
6
GZ8
U
P
4
G
U
<SIJ8`8
U
8;IJrVGH8c\uRS8zNH8cNH8;ES:
4VU
GOL
4
Nk`8d8;:EDCFI
>
4VU
L]`8M\]R	8
U
:
U
8KfFC7NZGZ<S8cEC7L;e qCgNZRSGpL98MRDN}e	:
4
R	:98MLdNZ8ML`8;:JCFEp8MLd<	8?NZCQ>kBSC  
U
8?<
2
C7>;\uRSGOLJGH:JG
4VU
a

U
>@8X\]RSG>
4VU
>@8;I
U
8XNZ8MLi8;:JL;e NZCESI
476
C
6
GONZGH:u`8Q<	8Q<ﬃ`8M>;NH8
U
>-BS8MPQ8
U
:Y8ML9:?ESI
4
>kB	8Q<	8(
!l
LJGjN
2
`8
U
8;IJrVGH8
8ML9:ﬃESI
4
>-B	8c<SRXLJ8MRSGZNS<SR<ﬃ`8M>;NH8
U
>kB	8MPQ8
U
:<	8
~ﬀMG
8
M
e^LJC7R	pE
4
R	I3NH8
U
GHf78MC7R
1

a 3NZNH8=CF:9:98MG
U
:lR
U
ENZCF:98MC7R
qC Y

ﬃ

l
N
4
I-L-\uR	8KN
2
`8
U
8;I-rVGH8?:9I-C
U
LJf78;I-L98A<`8;EDC7L-L98ANH8?<
4
R
6
NH8K<SRsL98MRSGON}a
1
8MLG
U
>@8;IJ:JGH:JRS<S8ML3LJR	IlNH8MLPQ8MLJR	I-8MLﬃ<	8T>@8MLl8;WX>;C7>;GH:]`8ML=<S8c<`8M>;NH8
U
>-B	8MPQ8
U
:l8;:[NH8MR	IlGZPQEDC7>@:LJR	IlNZCYPg8MLJR	IJ8
<	8?LJ8M>@:JG
4VU
8;WX>;C7>@8bL
4VU
:z<ﬃ`8;:JC7GZNZN`8;8MLc<SC
U
L[NZC0EDCFI-:JGH8D(]a
Q
a
~
a
    /1 _/ 4 3:50ﬂ! /  /25279256$  	
1
8[ESIJ8MPgGZ8;I
476
i8M>@:JGHp<	8=NZCKL]`8MNZ8M>@:JG
4VU
8ML9:3N
2
GZ<	8
U
:JGZﬁD>;CF:JG
4VU
<
2
`8;f_`8
U
8MPQ8
U
:JLl>
4
IJI-8M>@:98MPQ8
U
:ﬃIJ8M>
4VU
L9:9IkRSGH:JL
Cmf78M>s<	8ML
476
i8;:JLQ<	8
6p4VUSU
8\]RSC7NZGZ:u`87a
1
8s<	8MRnN^G}q8MPQ8
476
98M>@:JGH=8ML9:0NZCtLu`8MNH8M>@:JG
4VU
<	8ML`8;f_`8
U
8MPg8
U
:JLC

C
U
:
NZCyP 8MPQ8gL-GHr
U
CF:JR	IJ8Q\]R	8QNH8QLJGHr
U
C7N IJ8M>kB	8;I->kBﬃ`87a
C
ﬁ
U
<
2
C7Pv`8MNZG
4
IJ8;IK8
U
>
4
IJ8gNH80I-CFESE
4
IJ:TLJGHr
U
C7NLJRSI
6
I-RSGH:;e
NZC0L]`8MNH8M>@:JG
4VU
Ep8MR	:[L98TE
4
RSI-LJRSGHf]IJ8zEDCFI=N
2
CFESEDNOGZ>;CF:JG
4VU
<	8K>@I-GH:@q8;IJ8ML=LJRSESEDN`8MPQ8
U
:JC7GHIJ8ML[>
4
PgPg8?N
2
`8;:JGZ\uRS8;:JCFr78
<	8ML!i8;:JL;e
4
RQEDCFI3R
U
8=C
U
C7N

L98=<SGZLJ>@IkGZPgG
U
C
U
:98lPYRSNZ:JGHfCFIkGk`8;87eV>
4
PgPQ8dR
U
8=Lu`8MNH8M>@:JG
4VU
:
4
E
4
N
4
rVGO\uR	8D_`(

a
_`(
(
a
a
1
CQLJGHr
U
CF:JR	I-8?<SRsLJGHr
U
C7NpI-8M>-B	8;I->kBﬃ`8Y8MLJ:dNZCQLJRSGZfC
U
:98/
1R
U
NH8;ES:
4VU
>@8
U
:9I-C7No8;:c<	8Kr7I-C
U
<S8?GZPQEDRSNOLJG
4VU
:9I-C
U
L9f78;I-LJ87e
1R
U{U
8MRS:9I-G
U	4
ESI
4
f78
U
C
U
:Q<	8yNZC|<`8M>@I
4
GZLJLJC
U
>@8s<SR
6p4
L
4VU
 GZLJLJRv<SRv:
4
E CFEDEDCFI-C7GZLJL-C
U
:0L
4
RSLbNZC

4
I-Pg8?<
2
GZPQE
4
IJ:JC
U
:98Ł`8
U
8;IJrVGH8?:9IkC
U
L9f78;I-L98YPgC
U
\]RSC
U
:987e
1C7RxP
4
G
U
Ll:9I
4
GZL898;:JLd>@8
U
:9I-C7RCNx<	8Kr7I-C
U
<S8?GZPQEDRSNOLJG
4VU
:9I-C
U
L9f78;I-LJ87e
1C7RxP
4
G
U
L[R
U
PYR
4VU
P
4
Rx<SC
U
LdR
U
i8;:;e[`8;:JGZ\uRS8;:JC
U
:cR
U
i8;:z<	8?LJCMf78MRSIzN
4
R	Ik<	87a
1
8MLz>@IkGH:@q8;IJ8MLz<S8YL]`8MNH8M>@:JG
4VU
E
4
IJ:98
U
:zLJRSIz>@8;:9:980:
4
E
4
N
4
rVGH8A8;:cLJR	IcNZCX\]RSC7NZGH:]`8b<	8ML
476
i8;:JLzIJ8M>
4VU
L9:9IkRSGH:JL
LJRDGHfC
U
:JLŁ/of78;IJ:98WNŁESIkGZPgC7GHIJ87eNH8;ES:
4VU
LMe/98;:JL;ec`8
U
8;IJrVGZ8b:9IkC
U
L9f78;I-L98QPgC
U
\uRSC
U
:987eo8;:i8;:JLt`8;:JGO\uR	8;:]`8ML
6
a
1
8ML
EDCFI-:JGH8ML[LJRSGHfFC
U
:98ML=<ﬃ`8;:JC7GZNZNH8
U
:dNZCQL]`8MNZ8M>@:JG
4VU
<	8?>@8ML
476
98;:JL;a
b- >= '
 -,
*	


*

+ E

 d (
 
C
ESIMq8MLXIJ8M>
4VU
L9:9I-RD>@:JG
4VU
e_L98MRSNOLQNH8MLQf78;IJ:98WNESI-GOPgC7GHIJ8ML0<	8
6p4VUSU
8x\]RSC7NZGZ:u`8xL
4VU
:gI-8;:98
U
RSL /3NH8sf78;IJ:98WN
<
4
GZ:08;:9I-8AIJ8M>
4VU
LJ:9I-RSGH:YqCgN
2
G
U
:]`8;I-GZ8MR	I=<	8ANZC

4VU
8YNZRSPXG
U
8MRSL98
" 	 
Q
ﬀ
#
eDCmf78M>YC7RŁP
4
G
U
L

:9IkC7>@8ML
E
4
G
U
:JC
U
: f78;I-L>@8lf78;IJ:98WNa
C

0beF<	8MRCNAP`8;:JB
4
<	8MLj<S8ﬃIJ8M>
4VU
L9:9I-RS>@:JG
4VU
<SRYf78;IJ:98WNYEDI-GZPgC7GHI-83L
4VU
: R	:JGONZGZL]`8;8ML
8;:dGON8MLJ:=IJ8M\]RSGZL[\]R	8?>@8MLdC7NHr
4
IkGH:JBSPQ8ML=<
4VUSU
8
U
:=NH8?P8MPQ8AI^`8ML-RSNH:JCF:bqC
Oﬁﬁ
(
ﬀ
ESIMq8ML;a
b- ﬃﬂ '
 -,
*	


 
 -,
*


'
1
CLJGHr
U
CF:JRSIJ8x<	8ML`8;f_`8
U
8MPQ8
U
:JL:ih:gI-8M>-B	8;I->kBﬃ`8ML>
4
PgE
4
I-:98s8WN^C7>@:98MPQ8
U
:yR
U
`8MNH8M>@:9I
4VU
`8
U
8;IJr `8;:JGZ\uRS87e
>@8
U
:9I-C7Nc8;:sGZL
4
N`87a

8MPgC
U
<	8;IxC7RP
4
G
U
LR
U
`8MNH8M>@:9I
4VU
I-8M>
4VU
L9:9I-RSGZ:X8;:s<	8
6p4VUSU
8Ł\]RSC7NZGZ:u`8tEp8;I-PQ8;:y<	8
<SGOPgG
U
R	8;IcNZ8
U
GHf78MC7R<	8MLK
4VU
<SLKPbRSNH:JG i8;:JL;a
1
8MLK
4VU
<SLTEDB

LJGO\uR	8MLT>;CFI-C7>@:]`8;I-GOLu`8MLYECFIAR
U
`8MNH8M>@:9I
4VU
8;:AR
U
C7R	:9I-8ANH8;ES:
4VU
`8
U
8;I-r `8;:JGO\uR	8
"!

 #"
,
e$&%('
..*) 
#
L
4VU
:=I]`8M<SRSGH:JL=8
U
GZPQE
4
LJC
U
:=R
U
f_`8;:
4
L-R	IdNZC0ESI^`8MLJ8
U
>@8
<
2
R
U
C7R	:9IJ8?NH8;ES:
4VU
GZL
4
N`87a
dﬃNZRSLJGZ8MR	I-L
U
GZf78MC7RCN<	8\]RSC7NZGH:]`8LJR	IsNH8ML+`8MNH8M>@:9I
4VU
LsGZL
4
N`8MLsL
4VU
:sR	:JGZNZGZL]`8ML<SC
U
Ly>@8;:9:98{C
U
C7N

LJ87a
1
8ML
>@I-GZ:@q8;I-8ML
ﬀ+-,.,*/.0
ﬁ
e
ﬀ

0
 ﬂﬃ1C ﬁ
8;:
ﬀ32
ﬂ-4

2
ﬁ
\uRDG	L
4VU
:ﬃ<ﬃ`8,ﬁ
U
GZL8
UX
a

a

e
4VU
:_E
4
R	I
6
R	:_<
2
C7P`8MNOG
4
IJ8;I3NZCK<DGZLJ>@I-G B
PgG
U
CF:JG
4VU
CMf78M>=<S8MLEDB
4
:
4VU
L8;:3<S8ML i8;:JL_BDC7<	I
4VU
GZ\]R	8ML ESI-G
U
>;GHEDC7NH8MPQ8
U
:;a
1
8MLﬁSrVR	I-8ML (]a

a
~
IJ8;ESI^`8ML98
U
:98
U
:;e
CmfC
U
: :
4
RS: >@I-GZ:@q8;I-8<	8Lu`8MNH8M>@:JG
4VU
eFNH8ML <SGZL9:9IkG
6
R	:JG
4VU
L>;G
U
`8MPgCF:JGZ\]R	8MLE
;
L
8;:

;
<	8ﬃN
2
`8MNZ8M>@:9I
4VU
ﬀ32
ﬂ-4

2
ﬁ
<	8ﬃEDNZRSL
BSC7RS:zP
4
PQ8
U
:d:9IkC
U
L9f78;I-L98bE
4
R	IzNZ8YLJGHr
U
C7Nn8;:TNH8ML
6
IkRSGH:JLd<S8A
4VU
<xESIkG
U
>;GHEDC7RnNa ﬃNZNH8ML=P
4VU
:9IJ8
U
:c\]R	80NH8ML
7
Y
`8MNH8M>@:9I
4VU
Lﬃ<SC
U
L3NH8ML0`8;f_`8
U
8MPQ8
U
:JL   98;:JL8;:3: h:
4VU
:<	8ML3>;CFIkC7>@:u`8;IkGZL9:JGZ\]R	8MLlLJGZPgGONZC7GHIJ8ML;e
6
GH8
U
\uR
2
GONZL_L
4
GH8
U
:
R
U
Ep8MRQP
4
G
U
Lj>@8
U
:9IkC7RCNg<SC
U
LjNH8MLjEDI
4
>@8ML-LJRSL   i8;:JLMa
1
CKI^`8;rVG
4VU
G
U
:98;I B >@I
74
L9:JCF:;e^P
4
G
U
LjG
U
L9:9I-RSPg8
U
:]`8;8
8;:dN
4
>;C7NZGOLu`8;8yqC
ﬀsZ
  
m
;
K
 
ﬀs
(]e8ML9:z>;CFI-C7>@:]`8;I-GOLu`8;8QEDCFIdR
U
8AE8;I-:98?<
2
8;WX>;C7>;GH:]`8Q<	8?IJ8M>
4VU
L9:9I-RS>@:JG
4VU
<	8ML
`8MNH8M>@:9I
4VU
L;a
 (GeV/c)
T
ep
0 10 20 30 40 50 60 70 80 90 100
Pr
ob
ab
ili
te
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07 Impulsion transverse de l’electron :
 e+jets→tt
W+jets
eη
-3 -2 -1 0 1 2 3
Pr
ob
ab
ili
te
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
Pseudo-rapidite de l’electron :
 e+jets→tt
W+jets
 
qy (]a

a
~
 	G	 4 ﬀﬃﬂ 	  
"#"
	

ﬀ)
,."
	ﬁ"


$)8
"
	
$
"
ﬂQ 
"
ﬂ
"8,
8) 
>.
0ﬂ
"
&ﬂ (	1 
"

"


 
"

"
&(Tﬂ
"
	

nﬀﬃﬂ
"
+ﬂ
"
4+$
"
)n$0&
,
 &(ﬀﬂH = CE;5GF)R

N 8WN	GZL9:98=<S8MRCNAf78;I-LJG
4VU
L<	8lESI]`8MLu`8MNH8M>@:JG
4VU
\]RSG^<`8;Ep8
U
<	8
U
:j<	8NOCc\]RSC7NZGZ:u`8[<	8lIJ8M>
4VU
L9:9I-RS>@:JG
4VU
<	8[N
2
`8MNH8M>@:9I
4VU
a
1
C0ESI]`8MLu`8MNH8M>@:JG
4VU
<SGH:98
ﬀ3+ ,., / 0
ﬁ
"ﬀ32
ﬂ-4

2
ﬁ
#
8ML9:
6
C7Lu`8;8YLJRSI=NH8ML=>@I-GH:;q8;IJ8MLzLJRSGHfFC
U
:JLu/
1 8WN^C7>@:98MPQ8
U
: R
U
`8MNH8M>@:9I
4VU
`8
U
8;I-r `8;:JGO\uR	8 GZL
4
N`8
ﬀ+-,.,*/.0
ﬁ
"ﬀ32
ﬂ-4

2
ﬁ
#
8;: >@8
U
:9IkC7N}e#f_`8;I-GZﬁDC
U
:
E
K

5
;
L
E

G
8
Mﬀ
>Fe 
;ﬁ
E
~ﬀHG
8ﬃﬂ0eS8;:  !
;


ﬀsZ#"
1C7RS>;R
U
C7R	:9IJ80`8MNZ8M>@:9I
4VU
`8
U
8;I-r `8;:JGO\uR	8GZL
4
N`8_<	8_\]RSC7NZGZ:u`8$

0&%'
1C)(
8;:<
2
`8
U
8;I-rVGH8_:9I-C
U
LJf78;I-L983LJRSE`8;I-GH8MR	IJ8
qC

(
G
8ﬃﬂ
"
1C7RS>;R
U
PbR
4VU
`8
U
8;IJr `8;:JGZ\]R	8*$

0&%'
1C)(
<
2
GOPQEDRSNZL-G
4VU
:9I-C
U
L9f78;I-L98AL-R	E`8;I-GH8MR	I-8gqCgE
p
ﬁ
E

(
G
8ﬃﬂ

>Fa
1
80IJ8>i8;:?<S8ML|`8;f_`8
U
8MPQ8
U
:JLACmf78M>XR
U
<	8MRCN	G}q8MPQ8QNH8;ES:
4VU
Ep8;I-Pg8;:c<
2
C7L-LJR	IJ8;IKN
254
IJ:JB
4
r
4VU
C7NZGH:]`8gCMf78M>NH8ML
C
U
C7N

L98ML :ih: 8 8M>@:JR`8;8ML_<DC
U
LNH8>;C
U
C7N^<SGZNH8;ED:
4VU
a
1
8PYR
4VU
L98;I-fC
U
:[qC|`8;:JGZ\]R	8;:98;IjNH898;: 8ML9:Ep8MRbL98
U
LJG
6
NH8_C7R
f_`8;:
4
LJR	IﬃNZ8cPbR
4VU
$

0&%'
1C)(
`8
U
8;IJr `8;:JGZ\]R	8KEDRSGZL-\uR
2
GON
Uo2
8ML9:EDC7LlGZL
4
N`8c8;:\]R	8TL
4VU
GOPQEDRSNZL-G
4VU
:9I-C
U
LJf78;I-L98
8ML9:[Ep8MR`8MNH8;f_`8;8Y8;:zG
U
M`8;IkGH8MR	IJ8KC7RxL98MRDGZNp8
U
E
p
ﬁ
a
-
4
:
4VU
L_\]R	8[NH8ML 8;WX>;C7>;GH:]`8ML<	8ML ESI^`8ML]`8MNH8M>@:JG
4VU
L+$
+-,.,*/.0
(
8;:,$
2'
4-
2
(
L
4VU
:_<SGd`8;IJ8
U
:98MLj<SC
U
LjNH8ML<
4VUDU
`8;8ML
8;:gNZCL-GZPYRDNZCF:JG
4VU
a %8;:9:98|<	8;I
U
Gq8;IJ8y8ML9:X>
4
IJIkGHr `8;8xEDCFIXN
2
CFEDEDNZGZ>;CF:JG
4VU
<	8sC7>@:98MR	I-Lg>
4
I-IJ8M>@:JGHLQrVN
476
C7RCN/
.

 h)h 
;
r0/
m
h#j j
;);


/
21
r

s
Y43
(
ﬃ3
s



8;:5.7698;:=<&6Kr

s


 ﬃ3
s

7
_`(

a
a+
U
:98
U
C
U
:c>
4
PQED:98Y<	8b>@8;:9:98
>
4
IJI-8M>@:JG
4VU
E
4
R	I=NH8?>;C7NZ>;RDNn<
2
8;WX>;C7>;GH:]`8b<	8AL]`8MNH8M>@:JG
4VU
e


l
<	8MLy`8;f_`8
U
8MPQ8
U
:JLc:ih:dLJCF:JGZLJ
4VU
:YqCgNZCQL]`8MNH8M>@:JG
4VU
$
+ ,., / 0
(
8;:

?
l
E
4
RSI=NZCQLu`8MNH8M>@:JG
4VU
$
2'
4-
2
(
a
b
>9> '
 -,
*	
Od 

1
CLJGHr
U
CF:JR	I-8y<S8ML{`8;f_`8
U
8MPQ8
U
:JLX:ih:0IJ8M>kB	8;I->kBﬃ`8ML<SC
U
LbNZ8y>;C
U
C7N@?BA  98;:JL&C>
4
PQE
4
IJ:98s8WN	C7>@:98MPQ8
U
:
R
U
PbR
4VU
<	8br7I-C
U
<	8QGZPQERSNZLJG
4VU
:9I-C
U
L9f78;I-LJ87en>@8
U
:9I-C7N8;:KGZL
4
Nk`87a'%
4
PgPQ80E
4
R	ITNH8b>;C
U
C7ND?i8	 98;:JL&C^enNH8ML

4VU
<SL[EB

LJGZ\]R	8ML[>;CFI-C7>@:]`8;I-GZL]`8ML?EDCFIzR
U
PYR
4VU
`8
U
8;IJr `8;:JGZ\]R	8Y8;:cR
U
C7R	:9I-8YNH8;ES:
4VU
`8
U
8;IJr `8;:JGZ\]R	8
"
ﬁ  98;:JL;e
<SG
64
L
4VU
L
#
L
4VU
:dIJ8>i8;:]`8MLz8
U
GZPQE
4
LJC
U
:=R
U
f_`8;:
4
>
4VU
:9IJ8ANZC0EDI]`8ML98
U
>@8Y<
2
R
U
<	8MRCN	Gq8MPQ8?NH8;ES:
4VU
GZL
4
N`87a

~ﬀ
%4
PgPQ8[E
4
R	IjNH8MLb`8MNH8M>@:9I
4VU
L;eVEDNZRDLJGH8MR	I-L
U
GHf78MC7RnN0<	8=\]RSC7NZGZ:u`8=L-R	I_NH8ML_PbR
4VU
LjGZL
4
Nk`8ML_L
4VU
:3R	:JGZNZGOLu`8MLj<SC
U
L
>@8;:9:98bC
U
C7N

L987a
1
8ML=>@IkGH:@q8;IJ8ML $
+ , ,*/ 0
(
eﬀ$

0 %'
1=)(
8;: $
2'
4-
2
(
L
4VU
:d<`8,ﬁ
U
GOL[<SC
U
L=NZC0ECFIJ:JGH8

a

a
?
a

NZL
4VU
:
E
4
R	I
6
R	:<
2
C7Pv`8MNZG
4
IJ8;IjNZCz<SGZLJ>@IkGZPgG
U
CF:JG
4VU
CMf78M>[<	8MLPbR
4VU
L<
254
I-GZrVG
U
83>
4
LJPXGZ\uRS8ﬃ8;:j<	8ML-98;:JL BDC7<	I
4VU
GZ\]R	8ML
ESIkG
U
>;GHEDC7NZ8MPQ8
U
:;a
1
8ML ﬁSrVR	I-8ML (]a

a

I-8;ESI]`8ML98
U
:98
U
:;e CMfFC
U
: :
4
R	: >@I-GZ:@q8;I-8 <	8 L]`8MNZ8M>@:JG
4VU
eNZ8ML <SGZL9:9IkG
6
R	:JG
4VU
L
>;G
U
`8MPXCF:JGZ\uRS8ML?E
p
ﬁ
8;:ﬀ!
p
<DR{PbR
4VU
$
2'
4 -
2
(
<	8XEDNORSL?BSC7R	:YP
4
PQ8
U
:Y:9I-C
U
L9f78;I-L98E
4
RSIANH8L-GHr
U
C7Nj8;:0NH8ML
6
IkRSGH:JL3<S8z
4VU
<ESI-G
U
>;GZEDC7RCNpa/3NZNZ8ML3P
4VU
:9IJ8
U
:;eS>
4
PgPQ8T<SC
U
LlNH8T>;C7L[<	8MLg`8MNZ8M>@:9I
4VU
L;e	<	8MLl>;CFI-C7>@:]`8;I-GZLJ:JGZ\uRS8ML
LJGOPgGZNZC7GHI-8MLA8
U
:9IJ8ML

 i8;:JLg8;:g: h:;e
6
GH8
U
\]R
2
GZNZL0L
4
GZ8
U
:XR
U
E8MRP
4
G
U
LQ>@8
U
:9I-C7RCN<SC
U
LgNH8ML0EDI
4
>@8ML-LJRSL

 98;:JL=8;:
!

"
a
 (GeV/c)
T
µp
0 10 20 30 40 50 60 70 80 90 100
Pr
ob
ab
ili
te
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
Impulsion transverse du muon :
+jetsµ →tt
W+jets
Z+jets
µη
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
Pr
ob
ab
ili
te
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
Pseudo-rapidite du muon :
+jetsµ →tt
W+jets
Z+jets
 
qy <(]a

a

e	G	Vn)4 ﬀﬃﬂ 	  
"#"
	
	

 
ﬀ
,./"
	 "
 


$8)
"
	
$  
>.
$
"
&ﬂ (	
.
ﬀ 
&(
ﬂ
"
	G

nﬀﬃﬂ
"
+ﬂ
"
	T	T$
" 
$T&
,
 &(ﬀTH =DCQ;5GF
"
 =DCQ;5GF)R

C
U
LNH8d>;C7Ll<	8cNZC?L]`8MNH8M>@:JG
4VU
<	8MLPbR
4VU
L;e GONS8WN	GZL9:98zC7RDLJLJGD<S8MRCN
U
GHf78MC7RCNg<	8zESI]`8MLu`8MNH8M>@:JG
4VU
\]RSGD<`8;Ep8
U
<	8
U
:
<	8lNZCc\uRDC7NZGH:u`8[<	8lIJ8M>
4VU
L9:9I-RD>@:JG
4VU
<SRYPbR
4VU
a
1
CzEDI]`8MLu`8MNH8M>@:JG
4VU
CFESEp8MN`8;8 $
+-,.,*/.0
(
"
$
2'
4 -
2
(
#
L
2
`8;:JC
6
NZGH:jC7G
U
LJG</
1 8WN^C7>@:98MPQ8
U
:R
U
PbR
4VU
`8
U
8;I-r `8;:JGO\uR	8>@8
U
:9I-C7Nx8;:GZL
4
N`8 $
+ ,., / 0
(
"
$
2'
4 -
2
(
#
e`8MN
4
GHr
U
`8<	8ML 98;:JL
"

"
98;:=A
#
E

s
(
#
CMf78M>YE
p
ﬁ
E
~ﬀHG
8ﬃﬂ0e  !
p
m
;
6


~
s

"
1C7RS>;R
U
C7R	:9IJ8YPYR
4VU
`8
U
8;IJr `8;:JGZ\uRS8YGZL
4
N`8 $

0&%'
1C)(
Cmf78M>?E
p
ﬁ
E

(
G
8ﬃﬂ

>
"
1C7RS>;R
U
`8;f_`8
U
8MPQ8
U
:ﬁ
"

A A
#
/NZC{PXC7LJL98ŁG
U
fFCFI-GZC
U
:98Ł<SGZB PYR
4VU
8ML9:
4
I-P`8;8 qCvEDCFIJ:JGHIX<DRwPbR
4VU
Lu`8MNH8M>@:JG
4VUSU
`88;:?:
4
R	:?C7R	:9IJ8>;C
U
<SGZ<SCF:?PbR
4VU
<`8;:98;I-PXG
U
`8XEDCFIY<	8MLK<ﬃ`8;E8
4
:JL`8
U
8;IJr `8;:JGZ\uRS8MLY<SC
U
L?NH8ML
>
4
RS>-B	8ML
4
R X&% <	8MLd>kBSC7P
6
IJ8MLQqCXPbR
4VU
L=8;:TC7LJL
4
>;G`8yqCR
U
8?:9IkC7>@87a
132
`8;f_`8
U
8MPQ8
U
:K8ML9:dI-8>i8;:]`8QLJG
NZCQPgC7LJL98?<DG B PYR
4VU
8ML9:d>
4
PQESIkGZL98K8
U
:9IJ8
?

8;:
7

"

ﬀ
"
1C7RS>;R
U
`8MNH8M>@:9I
4VU
`8
U
8;IJr `8;:JGZ\]R	8*$

0&%'
1C(
<
2
`8
U
8;IJrVGH8 
;ﬁ
E

(
G
8ﬃﬂ0a
1
80IJ8>i8;:?<S8ML|`8;f_`8
U
8MPQ8
U
:JLACmf78M>XR
U
<	8MRCN	G}q8MPQ8QNH8;ES:
4VU
Ep8;I-Pg8;:c<
2
C7L-LJR	IJ8;IKN
254
IJ:JB
4
r
4VU
C7NZGH:]`8gCMf78M>NH8ML
C
U
C7N

L98MLX:
h
:<DC
U
LXNH8t>;C
U
C7Nc<SGZNH8;ES:
4VU
a
1
C{>
4VU
<SGH:JG
4VU
<	8|f_`8;:
4
L-R	INZCvPgC7LJL98tG
U
fCFI-GOC
U
:98|<S8ŁNZC{EDC7GHIJ8
<SGZB PYR
4VU
LgEp8;I-PQ8;:<
2
C7>;>@I
4
 ﬁH:9IJ8NH8ŁIJ8>i8;:y<	8ML
4VU
<SL
!
ﬂ
"
a

C
U
L
U	4
:9IJ8>;C
U
C7Nc<	8ŁI-8M>-B	8;I->kB	87e[NH8ML
`8;f_`8
U
8MPQ8
U
:JLT:ih:zE
4
LJL@q8M<	8
U
:zR
U
<	8MRCN	Gq8MPQ8APbR
4VU
L98;I-fC
U
:0qC`8;:JGZ\uRS8;:98;IcNH8	i8;:;aﬃ
U|U	4
:98;IkCX\]R	8ANH8A>@IkGH:@q8;IJ8
LJRSINZCvPgC7LJL98G
U
fFCFI-GZC
U
:98

pp
U
8t>
4
PgESI
4
PQ8;:yEDC7LN
2
8;WX>;C7>;GH:]`8{<S8tL]`8MNH8M>@:JG
4VU
<SR+L-GHr
U
C7Nc\uRSGd8ML9:s<	8
Y

ﬃ3
s
~ l
E
4
R	I=>@8;:9:98Y>
4
RSEDR	IJ87a

>;Gu8
U
>
4
IJ87eFNH8ML8;W>;C7>;GH:u`8ML_<	8ML Lu`8MNH8M>@:JG
4VU
L $
+-,.,*/.0
(
8;:$
2'
4-
2
(
L
4VU
:<SGd`8;IJ8
U
:98ML<SC
U
L NH8ML <
4VUSU
`8;8ML 8;:NZC
LJGOPYRSNOCF:JG
4VU
a

8 NZC P 8MPQ8 C! >
4VU
\]R	8 E
4
R	I N
2
`8MNH8M>@:9I
4VU
e <S8ML C7>@:98MR	I-L >
4
IJIJ8M>@:JGHL$rVN
476
C7RCNpe

~

.
 h)h 
; r /
m
h#jﬃj
;);
 
/
21
r

s
Y4343
ﬃ
s
F
8;:@.7698;:=< 6Mr

s
Y
(
Mﬃ
s
F
?
e3L
4VU
:bEDI-GZLY8
U
>
4
PgES:98x<SC
U
LbNZC
LJGOPYRSNOCF:JG
4VU
_`(
(
a
a
132
8;WX>;C7>;GH:]`8y<	8XNZCxL]`8MNZ8M>@:JG
4VU
$
+ , ,*/ 0
(
"
$
2'
4-
2
(
#
LJR	Ib<	8ML`8;f_`8
U
8MPQ8
U
:JL0:ih:Y8ML9:A<	8
 !l
"

(
l
#
a
b
>  '
 -,
*	

l
*

1
8MLQ>@I-GH:;q8;IJ8ML<	8sLu`8MNH8M>@:JG
4VU
E
4
IJ:JC
U
:gLJR	IQNH8ML 98;:JL
4VU
:gE
4
R	I
6
R	:Q<	8yEDR	IkGZﬁS8;I0NH8xN
4
:Q<
2
`8;f_`8
U
8MPg8
U
:JL
L]`8MNH8M>@:JG
4VUSU
`8MLT8
U
IJ8>i8;:JC
U
:KNH8MLc
4VU
<SLzPbRSNH:JG i8;:JL;e

 98;:JLc8;: ﬁ  i8;:JL;eo\]RSGnEDI
4
<DRSGZL98
U
:d<	8ML#98;:JLcP
4
G
U
L
>@8
U
:9I-C7RCNt8;:?P
4
G
U
Lx`8
U
8;IJr `8;:JGZ\]R	8ML;a^8MRSNZLTNH8ML98;:JLK<	8
64VUDU
8b\]RSC7NZGZ:u`8QLJCF:JGOL9C7GOLJC
U
:KC7RCN>@I-GH:;q8;IJ8ML?<`8,ﬁ
U
GZL
<SC
U
LdNZCXEDCFIJ:JGH8

a

a)(yL
4VU
:T>
4VU
L98;I-f_`8MLTE
4
R	IzN
2
C
U
C7N

L987a
1
8MLzG
U
>@8;IJ:JGH:JRS<	8MLzL

:u`8MPXCF:JGZ\uRS8MLKNZGk`8;8ML0qCNZC>;C7NZG B
6
IkCF:JG
4VU
<	8?>@8ML998;:JLdL
4VU
:dC7N
4
I-L[EDNZRDLﬃC7G
6
NZ8ML;a
1
8ML ﬁSrVRSIJ8ML'(]a

a

e (]a

a)(z8;:8(]a

a 3dIJ8;ESI^`8ML98
U
:98
U
:NZ8ML<SGZLJ:9I-G
6
R	:JG
4VU
Lp<SR
U	4
P
6
IJ8<	8!98;:JLIJ8M>
4VU
L9:9I-RSGH:JLMeM8;:
NH8ML<SGOL9:9I-G
6
RS:JG
4VU
Ln8
U
GOPQEDRSNZL-G
4VU
:9I-C
U
L9f78;I-L98l8;:j8
U
EDL98MRD<
4
B I-CFEDGZ<DGH:u`8l<S8MLj<	8MRCN	98;:JL_NH8MLEDNORSLK`8
U
8;I-r `8;:JGO\uR	8ML
E
4
R	I<SGd`8;I-8
U
:JLESI
4
>@8MLJLJRDLﬃLJGOPYRSN`8MLMa 3NONH8MLﬃP
4VU
:9IJ8
U
:[\uRS8zNZCbPYRDNH:JGHEDNZGO>;GH:u`8=8
U
98;:JLlIJ8M>
4VU
LJ:9I-RSGH:JLﬃ8ML9:EDNZRSL
r7I-C
U
<	80E
4
RSITNZ80L-GHr
U
C7N\uRS8QE
4
RSITNZ8MLT
4VU
<DLTESI-G
U
>;GZEDC7RCNpa
1
8ML
98;:JLKESI
4
<SRDGH:JLz<DC
U
LKNH8ML|`8;f_`8
U
8MPg8
U
:JLb<	8
LJGZr
U
C7N :98
U
<	8
U
:gqCL8;:9I-8QEDNZRSLc>@8
U
:9IkC7RCNt8;:KENZRSLx`8
U
8;IJr `8;:JGZ\]R	8MLA\]R	8Q>@8MRCNESI
4
<SRSGH:JLz8
U
C7LJL
4
>;GZCF:JG
4VU
Cmf78M>
R
Uy6p4
L
4VU 4
R
!
a
N(jets)
1 2 3 4 5 6 7
Pr
ob
ab
ili
te
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
Multiplicite en jets :
 l+jets→tt
W+jets
Z+jets
 
yP(]a

a

 
"
	G( 
"
$
"
&Q Gﬀ ﬂ  
"
ﬀ	G	4
,
 
"#"
ﬀ'n 
"
$
"	>"
	 
"8,
/	G(
	+&(ﬂ
"
	G

nﬀﬂ
"
^ﬂ
"
	

$	 H = CQ;5GF
"

 = CQ;5GF)R
1
8ML`8;f_`8
U
8MPQ8
U
:JLQ:ih:b<DC
U
L
U	4
:9I-8>;C
U
C7NlL
4VU
:0>;CFI-C7>@:u`8;I-GZL]`8MLQEDCFI0N
2
`8MPgGZL-LJG
4VU
<S8\]RSCF:9IJ8EDCFIJ:
4VU
Lb<SR	IkLqC
N
254
Ik<	IJ8dNH8zEDNZRSL
6
C7L;e^C7RCN	\uR	8MNOL3L
2
C
4
R	:98
U
:lNZ8MLﬃIkC7<SGZCF:JG
4VU
LMeVEDNZRSLﬃP
4
NZNH8MLMeu<SC
U
LN
2
`8;:JCF:[G
U
GH:JGOC7N	8;:[ﬁ
U
C7N}a
1
8ML
8 p8;:JLQ<
2
C7>;>@8;ES:JC
U
>@8sr `8
4
P`8;:9I-GO\uR	8MLg8;:0NZ8MLbG
U
8;WX>;C7>;GH:]`8MLQ<	8IJ8M>
4VU
L9:9IkRS>@:JG
4VU
<	8ML i8;:JLQ>
4VU
<DRSGZL98
U
:yqCtNZC
<`8,ﬁ
U
GH:JG
4VU
<	8ML=>@IkGH:@q8;IJ8MLd<	8?L]`8MNZ8M>@:JG
4VU
LJRDGHfC
U
:JLu/
1C7RxP
4
G
U
L

i8;:JL=>@8
U
:9I-C7RCN`8
U
8;I-r `8;:JGO\uR	8MLŁ/ 

;
6
ﬁ
E
~ﬀVG
8ﬃﬂ%8;:  !


;
6


~
s
(
1 EDCFI-PgGpNH8MLJ\]R	8MNZL[C7RŁP
4
G
U
L[R
U
:9I;q8MLs`8
U
8;IJr `8;:JGZ\]R	8V/-


;
6
ﬁ
E
 VG
8ﬃﬂba
%l8ML?>@I-GH:;q8;IJ8ML
4VU
:AE
4
RSI
6
R	:?<	8QER	I-GZﬁS8;IKNH8N
4
:?<
2
`8;f_`8
U
8MPg8
U
:JLQL]`8MNH8M>@:JG
4VUSU
`8MLA8
U
IJ8>98;:JC
U
:bNH8MLK
4VU
<SL
PbRSNH:JG 98;:JL;e

 i8;:JLA8;:%ﬁ  i8;:JLMe\uRDGjESI
4
<SRSGZLJ8
U
:K<	8ML	i8;:JLYP
4
G
U
L?>@8
U
:9I-C7RCN8;:bP
4
G
U
Lt`8
U
8;I-r `8;:JGO\uR	8MLMa
-
4
:
4VU
L=\]R
2
qC0>@8?L9:JC7<	8?<	8KN
2
C
U
C7N

LJ87eu8
U
f]GZI
4VU

!l
<	8ML`8;f_`8
U
8MPQ8
U
:JLz:ih:[IJ8ML9Ep8M>@:98
U
:=>@8ML[>@I-GH:;q8;IJ8ML=L-R	I=NH8ML
98;:JL;a

~7~
 (GeV/c)
T
jetp
0 50 100 150 200 250 300
Pr
ob
ab
ili
te
 (lo
g.)
-410
-310
-210
-110
 :
T
jet 1p
 l+jets→tt
W+jets
Z+jets
 (GeV/c)
T
jetp
0 50 100 150 200 250
Pr
ob
ab
ili
te
 (lo
g.)
-410
-310
-210
-110
 :
T
jet 2p
 l+jets→tt
W+jets
Z+jets
 
qy (]a

a)(
 ﬃ&
"8,

"
	
"
f &(ﬂ 	G%Qﬀ/	
3"
	
"
$)
>"
 ﬂ
"
&nﬂ 	  
"

"


 
"

"ﬀ
ﬀ

ﬀ
,./"
	:"
V$*	
"8,
n$
>"
 ﬂ
"
&nﬂ 	f 
"

"


 
"

" 
ﬀ $8

"
	
ﬀ
3
ﬀ ﬂ ﬀ4& &ﬂ 
,
ﬀ$
"
	
,

"

"
	 $
"
	  
"
ﬂ
"8,
 &( ﬂ
"
	G

nﬀﬃﬂ
"
 ﬂ
"
	T	$
" 
n$
 =DCQ;45GF
"
IH =DCQ;5GF)R
jetη
-3 -2 -1 0 1 2 3
Pr
ob
ab
ili
te
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
Pseudo-rapidite des jets :
 l+jets→tt
W+jets
Z+jets
 
yQ(]a

a 3
 ﬃ&
"8,

"
	
"
&	
"
$ 8ﬀ4&$( 
"
$
"
	
>"
	 
"8,
)/	 
4	0ﬀ
3
ﬀ ﬂ ﬀ& &nﬂ 
,
ﬀ):$
"
	
,

"

"
	T$
"
	  
"
ﬂ
"G,
6&(ﬂ
"
	G

nﬀﬃﬂ
"
+ﬂ
"
	

n$)	+H = CE;5GF
"
  = CE;5GF)R

~7
b
>:b '
 -,
*	

 



 


*

(]


 xl
d (]  (!$*

1
8ML3EC7GHIJ8ML_: h:;e^LJRSGZ:98bqCANZCAESI^`8ML98
U
>@8T<	8
64
L
4VU
L

<SC
U
LﬃNH8MRSI3>-BSC  ﬁ
U
8z<	8c<ﬃ`8MLJG
U
:u`8;r7I-CF:JG
4VU
e^ESI
4
<SRSGOL98
U
:
R
UAU
8MR	:9I-G
US4
`8
U
8;IJr `8;:JGZ\]R	87eL
4
R	I->@8ﬃ<
2
`8
U
8;IJrVGH83:9IkC
U
L9f78;I-L98PgC
U
\]RSC
U
:98ﬃGZPQE
4
IJ:JC
U
:987a
1
8MLESI
4
>@8MLJL-RSLnPbRSNH:JG B
98;:JL8;: ﬁ998;:JL
U
8ﬃL
4VU
:EDC7L >;CFI-C7>@:u`8;I-GZL]`8MLjECFI N
2
`8MPgGZL-LJG
4VU
<
2
R
U?U
8MR	:9IkG
U	4
`8
U
8;IJr `8;:JGZ\]R	87eF8;:ECFI >
4VU
L]`8M\]R	8
U
:
Uo254VU
:?EDC7LA<	8XL
4
R	Ik>@8gG
U
:9IkG
U
L;q8M\]R	8g<	8

	

GZPQE
4
IJ:JC
U
:987a8%8;Ep8
U
<SC
U
:;eo8MNZNH8QEp8MR	:8;:9IJ8>@I]`8`8;8sCFIJ:JG ﬁD>;GH8MNZNH8WB
PQ8
U
:KN
4
I-LK<	8QNZCIJ8M>
4VU
L9:9I-RS>@:JG
4VU
ep>
4
PXPQ8gNH8QP
4VU
:9IJ8QNZCHﬁSrVR	IJ8 (]a

a
?
a8%8MLT8 p8;:JLAL
4VU
:KNZGZPXGH:u`8MLTEDCFI?NH8ML
>
4
IJI-8M>@:JG
4VU
L[8;:dN
2
`8;:JC7N
4VUSU
CFr78Y<S8ML
476
98;:JL;a
1
CﬁSrVRSIJ8&(]a

a
?
P
4VU
:9I-8lNZ8lLJE8M>@:9I-8ﬃ8
U
`8
U
8;IJrVGZ8:9IkC
U
L9f78;I-L98=PXC
U
\uRDC
U
:98lE
4
R	INH8L-GHr
U
C7N]8;:jNH8ML ESI-G
U
>;GZEDC7RCN
6
IkRSGH:JLj<	8z
4VU
<na
1
8MLg`8;f_`8
U
8MPg8
U
:JL ﬁ  i8;:JL3Ep8;I-PQ8;:9:98
U
:<
2
8MLJ:JGZPQ8;IﬃNOCKI]`8ML
4
NZR	:JG
4VU
8
U


ﬁ
aC%l8;:9:98c<	8;I
U
Gq8;IJ8
8ML9:l:9IMq8ML[<`8;Ep8
U
<SC
U
:98K<	8KNZCbPYRSNZ:JGHEDNZGZ>;GZ:u`8z8
U
i8;:JL
"
>
2
8ML9:[E
4
R	Ik\uR
4
GN
2
`8
U
8;IJrVGH8K:9IkC
U
L9f78;I-L98KPgC
U
\uRSC
U
:98c8ML9:
EDNORSLC7G
6
NH8K<SC
U
L=NH8MLlEDI
4
>@8ML-LJRSL

 98;:JLd\]R	8K: h:MeSNZCQPbRSNH:JGHENZGZ>;GH:]`8T8
U
98;:JL;e`8;:JC
U
:cEDNZRDLﬃC7G
6
NZ87a
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160 180 200
Pr
ob
ab
ili
te
 (lo
g.)
-310
-210
-110
Energie transverse manquante :
 l+jets→tt
W+jets
Z+jets
 
y!(]a

a
?%  ﬃ&
"8,

"
nﬁﬀﬃﬂ 
	  
" "



&(ﬂ
"
	G

nﬀﬂ
"

ﬂ
"
	

)n$	+&/4
,
 &(ﬀ R
1
8ML998;:JLdBSC7<	I
4VU
GZ\]R	8MLAqCg
4
IJ:98Y<
4
PgG
U
C
U
>@8t`8MNH8M>@:9I
4
PgCFr
U
`8;:JGZ\]R	8Q<ﬃ`8;E
4
LJ8
U
:zE8MR|<
2
`8
U
8;IJrVGH8b<SC
U
L=NH8Y>;C7N
4
B
I-GOPyq8;:9IJ8ABSC7<	I
4VU
GZ\]R	87a

NZLdL
4VU
:cC7N
4
I-L=GO<	8
U
:JG ﬁ`8MLd>
4
PgPQ8`8MNH8M>@:9I
4VU
L;e8;:zN
2
`8
U
8;I-rVGH8A<SR 98;:zG
U
GH:JGZC7N8ML9:dC7N
4
I-L
L
4
RDLB`8;fC7NZR`8;87a

8TP8MPQ87e	NH8ML3PbR
4VU
L<SC
U
LﬃNH8ML!98;:JLl<	8zLJCmf78MR	I-LN
4
R	I-<S8ML_Ep8MR	f78
U
:38MPQE
4
IJ:98;IlR
U
8=r7IkC
U
<	8
I-C7>@:JG
4VU
<	8ŁN
2
`8
U
8;I-rVGH8t<DR i8;:;el\]RSG
U
8tL98;I-C{EDC7LXI-8M>
4VU
L9:9I-RSGZ:;a

C
U
L>@8>;C7L;elN
2
`8
U
8;IJrVGH8t<SR 98;:yG
U
GH:JGZC7N
GZ<S8
U
:JGZﬁl`8g>
4
PXPQ8XPbR
4VU
8ML9:YL
4
RSLBF`8;fFC7NZRﬃ`8;87a%l8MLA<	8MRCN8 p8;:JLAL98gI^`8;Ep8;I->;RS:98
U
:bLJR	I?N
2
`8
U
8;IJrVGZ8X:9I-C
U
LJf78;I-L98
PgC
U
\uRSC
U
:987a
1
CQ<DGHIJ8M>@:JG
4VU
<	8

	

8MLJ:=P
4
<DGZﬁ`8;8?<SC
U
L[NZC0<SGZIJ8M>@:JG
4VU
<SR 98;:=GZ<	8
U
:JGZﬁ`8K>
4
PgPQ8ANH8;ED:
4VU
a
1
8
>@I-GZ:@q8;I-8ﬃ<SGH:n<S8+$
,
1 1C
0 2

'
#4	1
+

'

0
(
C[E
4
R	I
6
RS:<
2
`8MNZGZPgG
U
8;InNH8MLT`8;f_`8
U
8MPQ8
U
:JLjLJR	INH8ML-\uR	8MNOLn>@8;:9:98ﬃ8;I-IJ8MR	I
8ML9:LJRSLJ>@8;ED:JG
6
NH8d<
2
G
U
:98;I-f78
U
GHIMa
1
8ML<DGHIJ8M>@:JG
4VU
L3<SRXNH8;ED:
4VU
IJ8M>
4VU
L9:9I-RSGH:38;:<SRXf78M>@:98MR	I

	

:98
U
<	8
U
:KqC8;:9IJ8
>
4
NZG
U
`8MC7GHIJ8ML_N
4
IkLJ\uRS8=NH8=NH8;ES:
4VU
8MLJ:3GZLJLJRQ<
2
R
U
8=PgC7R	fFC7GZL98[I-8M>
4VU
L9:9I-RS>@:JG
4VU
a
1
8ML ﬁSrVR	IJ8ML(]a

a)YP
4VU
:9IJ8
U
:3NZC
N
4
>;C7NZGZL-CF:JG
4VU
<	8ML <
4VUSU
`8;8ML 8;: <	8MLT`8;f_`8
U
8MPQ8
U
:JL


98;:JL 8;: LJGZr
U
C7N7:
h
: <DC
U
LNH83EDNZC
U
"
0
"


	





U
WﬀXY


#


	


#
a
ﬃNZNH8MLlP
4VU
:9IJ8
U
:y`8;rVC7NZ8MPQ8
U
:cN
2
8 p8;:=<	8ML=L]`8MNH8M>@:JG
4VU
L=:9I-GZC
U
rVRSNZC7GHIJ8MLMa
1
8ML`8;f_`8
U
8MPQ8
U
:JLcCMf78M>AR
U
8KC7G
6
NH8

	

8;:<
4VU
:NZC<SGZIJ8M>@:JG
4VU
8;:yNH8|L98
U
LXL98ŁI-CFESESI
4
>-BS8
U
:tqCv>@8MRCNw<SR NZ8;ES:
4VUwU
8tL98|:9I
4
R	f78
U
:\uRS8Ł<SC
U
LNH8ML
<
4VUDU
`8;8ML_8;:3L
4VU
:3<SRDLdqC?<	8MLj8 p8;:JLﬃPXC7NS>
4
PQESI-GOLj<SC
U
L_NZCTI-8M>
4VU
L9:9I-RS>@:JG
4VU
a
1
8ML3fC7NH8MRSI-Lj<	8d>@8ML$
,
1ﬁ 1=
0ﬀ/
2

'
ﬂ#4 1
+

'

0ﬀ/
(
L
4VU
:dGOLJLJR	8ML[<
2
R
U
8?PgClN	GZPgGZLJCF:JG
4VU
<SRyESI
4
<SRSGH:8;WX>;C7>;GH:]`8ﬃjER	IJ8;:u`8Y8
U
LJGHr
U
C7Np:ih:Ma
1
CQLu`8MNH8M>@:JG
4VU
<S8AN
2
`8
U
8;IJrVGH8K:9IkC
U
L9f78;I-L98YPgC
U
\]RSC
U
:98YL98
6
C7L98AC7G
U
LJGoLJR	I=NZ8ML=>@I-GH:;q8;IJ8MLzLJRSGHfFC
U
:JL0/
1R
U
8Ł`8
U
8;IJrVGH8A:9I-C
U
L9f78;I-LJ8?PgC
U
\]RSC
U
:98YGZPQE
4
IJ:JC
U
:98/


ﬁ
E
~ﬀHG
8ﬃﬂ
1R
U
8Ł`8
U
8;IJrVGH8A:9I-C
U
L9f78;I-LJ8?PgC
U
\]RSC
U
:98
U	4VU
>
4
NZG
U
`8MC7GZIJ8?C7RxNH8;ES:
4VU
/

0
"


	




U
WﬀXY


#
! #"
 [

	


$&%

~
 (GeV)Tmiss E
0 20 40 60 80 100120 140160 180 200
, 
le
pt
on
)
T
(m
iss
 E
φ
 ∆
0
0.5
1
1.5
2
2.5
3
0
50
100
150
200
250
300
350
400
450
W+jets
 (GeV)Tmiss E
0 20 40 60 80 100120 140160 180 200
, 
le
pt
on
)
T
(m
iss
 E
φ
 ∆
0
0.5
1
1.5
2
2.5
3
0
5
10
15
20
25
tt
 (GeV)Tmiss E
0 20 40 60 80 100120 140160 180 200
, 
le
pt
on
)
T
(m
iss
 E
φ
 ∆
0
0.5
1
1.5
2
2.5
3
0
200
400
600
800
1000
1200
1400
1600
1800
Donnees avant coupures
 (GeV)Tmiss E
0 20 40 60 80 100120 140160 180 200
, 
le
pt
on
)
T
(m
iss
 E
φ
 ∆
0
0.5
1
1.5
2
2.5
3
0
5
10
15
20
25
30
35
40
Donnees apres coupures
 
qy  (]a

a)
 	G	 $
"
	  
"43
 
"

"

"
/	

"  >"
	  $ﬃﬀ/	 ﬂ
"
&nﬂ ﬀ6J J


	



_

N	 

 N#R 
.
ﬀ

H =CQ;45GF
"
5Q75
 "
 Gﬀ	 $ )/0 
"#"
	 ﬀ
3
ﬀ)/
"
^ﬀ4&
"
	 ﬀ4& 
&ﬂ 
,
ﬀ$
"
	
,
>&
"
	ﬀ

(ﬂ ﬀ
"
	R
CMf78M>
"
YeX
#
r
"

a)
]e!(
VG
8ﬃﬂﬂ>
#
E
4
R	I=NZ8?>;C
U
C7N CA$#98;:JL&C
8;:
"
YeX
#
r
"
~
a
~ﬀ
e

Y
G
8ﬃﬂ ﬂ>
#
E
4
R	I=NH8?>;C
U
C7N CF8#i8;:JL C^a
%8ML>@I-GH:;q8;IJ8ML Ep8;I-Pg8;:9:98
U
:<	8>
4VU
L98;IJf78;I 
 l
"
43
l
#
<S8ML%`8;f_`8
U
8MPQ8
U
:JL <	8LJGHr
U
C7N<SC
U
LNH8>;C
U
C7N
8

i8;:JL
"
A$

98;:JL
#
a
b
> '
 -,
*	

l
*



  (
K
(
1
8ML`8;f_`8
U
8MPg8
U
:JLd:ih:=L
4VU
:=>;CFIkC7>@:u`8;IkGZLu`8MLcEDCFI=NZCbESI^`8ML98
U
>@8?<S8#98;:JL=GZL-LJRSL<	8?N
2
BSC7<	I
4VU
GZLJCF:JG
4VU
<	8ML[<	8MRnN
\]RSCFIﬀ^L ' a<%8MRCN=B >;G
4VU
:=:98
U
<SC
U
>@8qC 8;:9IJ8A>@8
U
:9I-C7RCNs8;:y`8
U
8;I-r `8;:JGO\uR	8MLMa-
U
EDIJ8
U
C
U
:8
U
>
4
PQES:98AC7RSL-LJGoNH8ML
98;:JL=<	8?\]RSCFIﬀ^L

GZLJLJRDL[<SR
6p4
L
4VU
e
 l
<	8ML`8;f_`8
U
8MPQ8
U
:JLz:
h
:
4VU
:dC7R|P
4
G
U
L[R
U
98;:dL98MPXGZNH8;ES:
4VU
GO\uR	87a
1
8MLQPYR
4VU
LgGZLJLJRDLb<S8y>@8ML i8;:JLXL
4VU
:g<S8
6
C7LJL98xGZPgEDRSNZLJG
4VU
:9I-C
U
LJf78;I-L98
"
E
p
ﬁﬂﬁ
~ﬀUG
8ﬃﬂ

>
#
e>
4
PXPQ8xNH8
P
4VU
:9IJ8dNOC0ﬁSrVR	IJ8 (]a

a


a
1_2
`8;:JGZ\]R	8;:JCFr78K<	8ML+98;:JLﬃf]GZLJ8YqCKI]`8M<SRSGHI-8=NH8=
4VU
<QESI-G
U
>;GHEDC7N]CFESIMq8MLNZCKESI^`8ML]`8MNH8M>@:JG
4VU
"

%i8;:JL
#
eu\]RSGSL98c<SGZL9:JG
U
rVR	8[<SRgLJGHr
U
C7N	EDCFIﬃR
U
8[EDNZRSL_C7G
6
NH8[PYRSNZ:JGHEDNZGZ>;GZ:u`8[8
U
i8;:JL 'X`8
U
8;IJr `8;:JGZ\]R	8ML;a d
4
R	I
NH8ML[P 8MPg8MLdI-C7GOL
4VU
L;e	>@8;:9:980Lu`8MNH8M>@:JG
4VU
Ep8;I-Pg8;:=<	8KIJ8>98;:98;IzNH8ML[
4VU
<SL[PbRSNH:JG i8;:JL;e ﬁ i8;:JLd8;:d<SG
6p4
L
4VU
LMa
1
C|EDI]`8ML98
U
>@8s<
2
R
U
PYR
4VU U	4VU
GZL
4
N`87e
4
RC7R	:9IJ8MPQ8
U
:Q<SGH:bR
U
PbR
4VU
<SC
U
LbR
U
i8;:;e 8ML9:QR
U
8<	8ML0LJG B
r
U
CF:JRSIJ8MLT<
2
R
U
98;:KG
U
GH:JG`8AEDCFIKR
U
\]RSCFIﬀ
6
a
1
CﬁSrVRSIJ8j(]a

a)YyGZNONZRSL9:9IJ8?>@8MNOCX8
U
P
4VU
:9I-C
U
:TNOCXESI
476
C
6
GZNZGZ:u`8
<
2
`8;:JGZ\]R	8;:JCFr78TE
4
R	I3<	8MLi8;:JL
6
e]>=8;:ﬃN`8;r78;IkLﬃ8
U

4VU
>@:JG
4VU
<S82!


;
6
8;:3E


;
6
ﬁ
aId
4
RSI<	8MLi8;:JLL98MPgGONH8;ES:
4VU
GZ\]R	8ML;e
>@8;:9:98QESI
476
C
6
GZNZGZ:u`8b<
2
`8;:JGZ\]R	8;:JCFr78XCF:9:98MG
U
:KI-CFEDGZ<S8MPQ8
U
:cR
U
EDNZCF:98MC7RI/ /MrR(
(
l
E
4
RSIzE


;
6
ﬁﬃ
?
 G
8ﬃﬂ

>Fa
dCFId>
4VU
:9IJ87eNOC0ESI
476
C
6
GONZGH:u`8K<
2
`8;:JGZ\uRS8;:JCFr78Y<	8ML=C7RS:9IJ8ML998;:JL
"
PgC7RSfC7GZL`8;:JGO\uR	8;:JCFr78
#
>@I
4
 ﬁH:[8
U

4VU
>@:JG
4VU
<	8
L
4VU
GOPQEDRSNZL-G
4VU
:9I-C
U
L9f78;I-L987a
1
8ML=<SGZL9:9IkG
6
R	:JG
4VU
Lj8
U
EDL98MRD<
4
B I-CFEDGZ<DGH:u`8cP
4VU
:9IJ8
U
:=<	8ML=>@IJ8MRnNqC+ !


;
6

o

qC
>;C7RSLJ8?<	8ML=:9I
4
RDL=<SC
U
L[NZCQ>
4
RSf78;IJ:JR	IJ8A<S8ML=>-BSC7P
6
IJ8ML0qCgPbR
4VU
L;a
 ﬁ
U
<	8zNH8ML<SGd`8;IJ8
U
>;GH8;I<	8MLPYR
4VU
Lﬃ<
254
IkGHrVG
U
8=>
4
LJPXGZ\uRS87eu<	8MLPYR
4VU
L3EDI
4
f78
U
C
U
:l<	8zP`8ML
4VU
LN`8;r78;IkL
"! 

e#"

#
`8
U
8;I-r `8;:JGO\uR	8MLMe8;:T<	8MLd<`8;E
4
:JLc<
2
`8
U
8;IJrVGH8Y<DC
U
LdNH8MLz>-BSC7P
6
IJ8MLQqCXPbR
4VU
LzGZLJLJRDL=<	898;:JLzBDC7<	I
4
B
U
GO\uR	8MLY:9IMq8ML`8
U
8;IJr `8;:JGZ\]R	8ML;eﬃ<	8ML0>@I-GH:@q8;IJ8MLg<	8y\]RSC7NZGH:]`8sL9El`8M>;GZﬁD\]R	8MLQL
4VU
:QCFESEDNZGO\uR`8MLbC7RCNPbR
4VU
L0R	:JGONZGZL]`8ML

~
(
E4
R	I[N
2
`8;:JGZ\]R	8;:JCFr787a
T
Jet p
0 20 40 60 80 100 120 140 160 180 200
(b-
tag
) (
log
.)
∈
-410
-310
-210
-110
1
 :
T
(b-tag) vs Jet p∈
hadronic
 Xµ →l
 Xµ →c
 Xµ →b
ηJet 
-2 -1 0 1 2
(b-
tag
) (
log
.)
∈
-410
-310
-210
-110
1
 :η(b-tag) vs Jet ∈
hadronic
 Xµ →l
 Xµ →c
 Xµ →b
 
y](]a

a)Y
 +8 Gﬀ ﬂ ( 
"
$ Q 
"
 
"
Lﬀ
 "
&( $
"
	
>"
	T
 , "
+ﬂ> 
" "
	
"



,
)*$
"

]4_Q`
"
	

]4_Q`

R
 (GeV/c)µ
T
p
0 5 10 15 20 25 30 35 40
Pr
ob
ab
ili
te
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
Impulsion transverse du muon :
 Xµ →b
 
yn(]a

a


  &(ﬂ 	68ﬀ	
3"
	
"
$)ﬁ &8
3"
ﬀ/
$
" #"
	 	
"
 ﬂ
"
&L)/
"
	$ ﬀ	ﬂ
"
	f 
"43
 
"

"

"
/	 5
7
5)R
1
CQLu`8MNH8M>@:JG
4VU
<	898;:JL=<	8A\]RSCFIﬀ^L 'TL98MPgG B NZ8;ES:
4VU
GZ\]R	8MLlL98
6
C7LJ8?<
4VU
>KLJR	I=NZ8ML=>@I-GH:;q8;IJ8MLzLJRSGHfFC
U
:JL /
1C7RxP
4
G
U
L[R
U
i8;:d>@8
U
:9I-C7N8;:`8
U
8;IJr `8;:JGZ\]R	8 !


;
6


~
s

eE


;
6
ﬁ
E

(
G
8ﬃﬂ

>Fe
1C7RvP
4
G
U
LAR
U
PYR
4VU
>@8
U
:9I-C7N8;:YEp8MR `8
U
8;IJr `8;:JGZ\]R	8s<SC
U
LANZ8 98;:V/ !
p

~
s

e E
p
ﬁ
E
G
8ﬃﬂ

>8;:


"
98;:=A
#


s
(]a

ND8MLJ:=GZPQE
4
IJ:JC
U
:<	8
U	4
:98;I=GO>;G\]R	8TNH8Tf_`8;:
4
L-R	I[R
U
<	8MRCN	Gq8MPQ8KPYR
4VU
GZL
4
Nk`8
U
8cEp8;IJ:JRSI
6
8z\]RSC7LJGZPQ8
U
:EDC7L
NH8MLAEp8;IJ
4
IkPgC
U
>@8MLA<S8X>@8;:9:98sPv`8;:JB
4
<S8<
2
`8;:JGZ\]R	8;:JCFr787a 
U
f^GHI
4VU
a
~ l
<	8ML`8;f_`8
U
8MPQ8
U
:JL0:ih:0L
4VU
:YIJ8>98;:u`8ML
EDCFIk>@8c\]R	8TNH8zPbR
4VU
<SC
U
LR
U
i8;:[>
4
IJIJ8MLJE
4VU
<XC7Ry>@I-GH:;q8;IJ8 $

0 %'
1C)(
a%8;:9:98TEp8;IJ:98c8ML9:C7G
6
NH8dEDCFIk>@8c\]R	8
<
2
R
U
8TEDCFIJ:;eDNH8ML=rVC7PgPQ8MLd<
2
`8
U
8;IJrVGH8A<SR|PYR
4VU
ESI
4
f78
U
C
U
:d<DR i8;: 'd8;:c<SRsPbR
4VU
L]`8MNH8M>@:JG
4VUDU
`8YGZLJL-Rs<
2
R
U
6p4
L
4VU  4
R
!
L98gI-8M>
4
R	fuI-8
U
:?Ep8MRoeo8;:Y<
2
C7R	:9IJ8QEDCFI-:;eNH8ML?PbR
4VU
L?<DC
U
LKNH8ML
98;:JL
U
8gL-CF:JGZL9
4VU
:?EC7L?C7R
>@I-GZ:@q8;I-8A<
2
GZL
4
NOCF:JG
4VU
a
-
4
:
4VU
L_GO>;G	R
U
8l
4
GOLj<	8lEDNZRSL\]R	8=NH8ML8;WX>;C7>;GH:]`8ML<
2
`8;:JGZ\]R	8;:JCFr78z<
2
R
U
98;:jEDCFI_R
U
PbR
4VU
L
4VU
:3>
4
IJIkGHr `8;8ML
EDCFIk>@8c\]R
2
8MNZNH8MLlL
4VU
:[<SGd`8;IJ8
U
:98ML[<DC
U
LlNH8MLl<
4VUSU
`8;8MLl8;:[NZC0LJGZPbRSNZCF:JG
4VU
a

8MLlC7>@:98MRSI-L[>
4
IJIJ8M>@:JGHLrVN
476
C7RCNpe
ESI
4
>kB	8MLl<	8

e	L
4VU
:[EDI-GZL8
U
>
4
PQES:98?<SC
U
LNOCbL-GZPYRDNZCF:JG
4VU
a^
U
98;:=L98MPgGZNZ8;ES:
4VU
GZ\]R	8zL-R	I[<	8MRCN
"


l
#
8ML9:
`8;:JGZ\]R	8;:u`87a
1
8=:JC7RCNX<	8=PXC7R	fC7GOLb`8;:JGZ\]R	8;:JCFr78z8MLJ:_C7G
6
NH8u/ GZN^8MLJ:ﬃ<
2
8
U
f]GZI
4VU
a
 l
ECFI98;:3<	8dLJCmf78MR	IﬃN`8;r	q8;IJ87a

~
3
b
>  
,
(
,
=* 


3

  -,
*	
' 



 



d

$*

132
8;WX>;C7>;GH:]`8K:
4
:JC7NH8?<	8MLl>@I-GZ:@q8;I-8ML[<	8cL]`8MNZ8M>@:JG
4VU
e qCbN
2
8WN^>@8;ED:JG
4VU
<	8cN
2
`8;:JGO\uR	8;:JCFr787eD8ML9:[<	8


a
!l
"
Y]a

l
#
E
4
R	IQ<	8MLv`8;f_`8
U
8MPQ8
U
:JL: h:

8

i8;:JL
"
8

i8;:JL
#
8;:
7
a)(
l
"
Y]a
 l
#
E
4
R	Ig<S8ML{`8;f_`8
U
8MPQ8
U
:JL: h:

A$

98;:JL
"
A$

i8;:JL
#
a
1
8X:JC
6
NH8MC7R+(]a

IJ8;E
4
IJ:98XNH8MLA8;WX>;C7>;GH:]`8ML0>;RSPbRSNk`8;8MLY<S8MLA>@I-GH:;q8;IJ8MLb<	8XL]`8MNZ8M>@:JG
4VU
<`8,ﬁ
U
GZL
>;G B <S8MLJLJRSL;a
1
8ML=<ﬃ`8;:JC7GZNZLz<	8?>@8ML=8;WX>;C7>;GZ:u`8MLT<	8?L]`8MNZ8M>@:JG
4VU
L
4VU
:=
4
R	I
U
GOLﬃ8
U
C
USU
8WN^8j%ca
	

V8(]a
f




' 20 /

1C 1
+0 0 / %&0

-= 1
0


' 20

0 %#0/0 + 0

2' ,
 
,
1C
%&0 /00

0

0

2 / %&0/ '
4ﬂP
+
ﬀ
,
1
/ + 0ﬀ/ﬂﬁ


230
1C
/

,
 
0

2' ﬁ / / ,

2
<
'ﬃ/ 0


,
 
230ﬃ 0ﬀ/ '


0

2' 2
1
%&0 / / 2

2' / 2'
.1
0ﬀ/ / ,

2 %&0 +! ,

%

0 %#0
"

\$#

>;C
U
C7N
"



"
A$

i8;:JL
/ﬃ%
 
%

%'&
"
l
#
Y
~
a)Y Y

a

/)(+*
"
l
#
Y

a


?
a

/


;Gg 6
h#j 
 h)h 
;
"
l
#

?
a)(

(]a

/


;g 6
h#j
698;:=< 6
"
l
#
7
a)
ﬀ
a)
/ < ; 6
h
;
"
l
#
7
a)
ﬀ
a
?
/ < ; 6
h
p
"
l
#
7
a
?
ﬀ
a 3
/-,/.


; 6
0
"
l
#
~
3]a
 ~
a

/21
3

"
l
#
~7~
a

~ﬀ
a)Y
/)46576

:
"
l
#

a 3


a

Y

~
?
    
	ﬀﬁ


C
U
: <	8ML >;CFI-C7>@:]`8;I-GZLJ:JGZ\uRS8ML ESI
4
>-BS8ML <SR LJGHr
U
C7N eNZ8ML$ESI
4
>@8MLJLJRSL PbRSNH:JG 98;:JL;e

 98;:JL;e
ﬁ98;:JL;e_<SG
6p4
L
4VU
L;e8;:XNH8MLgC7R	:9I-8MLQESI
4
>@8MLJLJRSLX>
4VU
:98
U
C
U
:R
U
\uRSCFI v:
4
Ew>
4VU
:9I-G
6
R	8
U
:<	8sC! >
4VU+U	4VU
U
`8;rVNZGZr78MC
6
NH8?C7R|N
4
:Kﬁ
U
C7No<
2
`8;f_`8
U
8MPQ8
U
:JLTL]`8MNH8M>@:JG
4VUSU
`8ML;a

No8ML9:z<
4VU
>
U
`8M>@8MLJLJC7GZIJ8A<
2
`8;fFC7NZR	8;Iz>
4
I-IJ8M>@:98MPQ8
U
:
8;:=EDI]`8M>;GZLu`8MPQ8
U
:zNZCQ>
4VU
:JC7PgG
U
CF:JG
4VU
CFESIMq8MLdNOCQLu`8MNH8M>@:JG
4VU
e>@8A\uRDGp8ML9:dR
U
8KECFIJ:JGH8?<SGHW>;GZNH8T<	8?N
2
C
U
C7N

L987a

U
8 p8;:EDCFI-PgG]>@8ML 
4VU
<DL;e >@8;IJ:JC7G
U
LL
4VU
:j<SGZWX>;GZNH8MLﬃqCTLJGOPYRSNZ8;I >
4
IJIJ8M>@:98MPg8
U
:;a

C
U
L>@8MLj>;C7L;e7N
2
8ML9:JGOPgCF:JG
4VU
<	8TNZC0>
4VU
:JC7PgG
U
CF:JG
4VU
<DRL-GHr
U
C7N8ML9:lC7GZ:98TL
4
GH:[<SGHIJ8M>@:98MPQ8
U
:YqCbEDCFIJ:JGHI[<	8MLl<
4VUDU
`8;8ML[8MNZNH8MLB P 8MPg8ML;eSL
4
GH:AqC
EDCFI-:JGHI3<	8cLJGZPbRSNZCF:JG
4VU
L
US4
I-PgC7NZGZL]`8;8MLLJR	IﬃNH8ML3<
4VUDU
`8;8ML;a

C
U
LNH8MLﬃ>;C7Lﬃ<	8MLﬃESI
4
>@8MLJLJRDLjEDNZRSL_I-CFIJ8MLﬃ8;:ﬃPgGH8MRnN
>
4
PQEDI-GZL;e	N
2
`8;fFC7NZRSCF:JG
4VU
<DR
U
GHf78MC7Rx<S8K
4VU
<y8MLJ:=C7GZ:98qC0EDCFIJ:JGHIz<
2
`8;f_`8
U
8MPQ8
U
:JLTLJGZPbRSN`8ML;a
b   ﬃﬂ 

*	 d (+*	
 
 



d 

*	
l
*

1
8MLQESI
4
>@8MLJLJRDLQPYRSNZ:JG i8;:JL0Ep8MR	f78
U
: 8;:9IJ8ŁESI-GZLbE
4
R	Ig<	8ML`8;f_`8
U
8MPQ8
U
:JL<S8xLJGHr
U
C7N[LJG[R
U
i8;:gBDC7<	I
4
B
U
GO\uR	88ML9:XGO<	8
U
:JG ﬁ`8x>
4
PgPQ8|R
U
NZ8;ES:
4VU
GZL
4
N`8s8;:`8
U
8;IJr `8;:JGZ\uRS87e38;:XLJG[R
U
8yr7I-C
U
<	8`8
U
8;I-rVGH8x:9I-C
U
LJf78;I-L98
PgC
U
\uRSC
U
:98A8MLJ:zCFIJ:JGZﬁ>;GH8MNZNH8MPQ8
U
:[8
U
r78
U
<SI]`8;87a
1
CgESI
476
C
6
GZNZGH:]`8KE
4
R	Id\]R	8b>@8A:

Ep8Y<	8YPgC7R	fFC7GZL98AI-8M>
4VU
LB
:9I-RD>@:JG
4VU
C7<	f]GZ8
USU
8b8ML9:K:9I;q8MLKC7G
6
NH87ep<	8QN
254
I-<	I-8b<	8


5"!
a%8;Ep8
U
<SC
U
:;eoNZCyL98M>@:JG
4VU
8;WX>;C7>@8<	8Q>@8MLTESI
4
B
>@8MLJL-RSL;eSLJR	El`8;IkGH8MR	IJ8K<	8KEDNORSLJGH8MR	IkL
4
I-<	I-8ML=<	8Kr7I-C
U
<S8MR	IYqCQ>@8MNZNH8?<SRsL-GHr
U
C7N}e^Ep8MR	:[>
4VU
<SRSGZIJ8XqCQR
UsU	4
P
6
IJ8
<
2
`8;f_`8
U
8MPQ8
U
:JLKPYRSNZ:JG i8;:JLdLu`8MNH8M>@:JG
4VUSU
`8ML
U	4VUŁU
`8;rVNZG
6
8MC
6
NH87a

NnC7RS<	IkC7GH:=<
4VU
>Ar `8
U
`8;I-8;I?R
U
r7I-C
U
<
U	4
P
6
IJ8
<
2
`8;f_`8
U
8MPQ8
U
:JLKE
4
R	IcL-GZPYRDNH8;IzNH8ML|`8;f_`8
U
8MPQ8
U
:JLYPYRDNH:JG 98;:JLzL]`8MNH8M>@:JG
4VUSU
`8MLTE
4
R	IcN
2
C
U
C7N

L98Y>@8Q\]RSG}e>
4
PgES:98
:98
U
R|<SR|:98MPQEDL
U
`8M>@8MLJLJC7GHIJ8xqCXNZ8MR	I=IJ8M>
4VU
LJ:9I-RS>@:JG
4VU
e8ML9:zGOPQE
4
LJLJG
6
NZ87aId
4
R	IT>@8;:9:98YIkC7GZL
4VU
eDNZ8
U
GHf78MC7RŁ<	8ML

4VU
<SL[PbRSNH:JG 98;:JLl8ML9:dPg8MLJR	I^`8A<SGZIJ8M>@:98MPQ8
U
:bqC0EDCFIJ:JGHIz<	8ML=<
4VUSU
`8;8MLMa
132
`8;fC7NZRDCF:JG
4VU
<	8ŁNZCv>
4VU
:9IkG
6
R	:JG
4VU
<	8MLX
4VU
<SLPbRSNH:JG 98;:JLX<SC
U
LXNH8tN
4
:<
2
`8;f_`8
U
8MPQ8
U
:JLxLu`8MNH8M>@:JG
4VUSU
`8ML
"
>
2
8ML9:BqClB <DGHIJ8gCFESIMq8ML`8;:JGO\uR	8;:JCFr78<	8ML98;:JL
#
>
4VU
:98
U
C
U
:AR
U
NH8;ES:
4VU
8;:?C7RP
4
G
U
Lz:9I
4
GZLi8;:JL?8ML9:K8 8M>@:JR`8;8
L98MN
4VU
NH8xESIkG
U
>;GHEp8sLJRSGHfFC
U
: /ﬃNH8|NZ8;ES:
4VU
`8
U
8;I-r `8;:JGO\uR	8L]`8MNH8M>@:JG
4VUDU
`8Ł8ML9:L
4
GH:XR
U
f]I-C7G=NH8;ES:
4VU
e3L
4
GH:GZLJLJR
<
2
R
U
8KPgC7R	fFC7GZL98KIJ8M>
4VU
LJ:9I-RS>@:JG
4VU
"
8;:z8ML9:=8
U
I^`8MC7NOGH:u`8YR
U
98;:dBSC7<	I
4VU
GZ\]R	8
#
a
1
8AN
4
:Kﬁ
U
C7N}eS>
4VU
:98
U
C
U
:@-

;


`8;f_`8
U
8MPQ8
U
:JLMeLJ8XEDCFIJ:JCFr788
U
- <$#

8
`8;f_`8
U
8MPg8
U
:JLQCmf78M>R
U
fuIkC7G_NH8;ES:
4VU
8;:Ł-&%
('*)
`8;f_`8
U
8MPQ8
U
:JLQCMf78M>R
U
C7RCNxNH8;ES:
4VU
8;:zN
254VU
Ep8MR	:`8M>@I-GHIJ8V/<-

;


r- <*#

8
F-&%
('*)
a
1
8MLzfFCFI-GZC
6
NH8MLd>;G
U
`8MPgCF:JGZ\]R	8ML
U
8?Ep8;I-PQ8;:9:98
U
:
EDC7L<	8T<SGZLJ>@IkGZPgG
U
8;IﬃNH8ML3f]I-C7GZLl<	8MLC7RCNXNH8;ES:
4VU
L;eoqC0NZCY<SGd`8;IJ8
U
>@8K<	8T>@I-GH:@q8;IJ8ML[<	8T\uRDC7NZGH:u`8c<DRNH8;ED:
4VU
a
1
8ML
U	4
P
6
IJ8ML<
2
`8;f_`8
U
8MPQ8
U
:JLzCMf78M>KR
U
f]I-C7G
4
RyR
U
C7RCNNH8;ES:
4VU
fFCFI-GH8
U
:<S8zC! >
4VU
<SGd`8;I-8
U
:98KLJGNH8TNH8;ES:
4VU
8ML9:
<	8c\uRDC7NZGH:u`8 $
+ , ,*/ 0
(
4
R $
2'
4 -
2
(
an%8MLl>@I-GH:;q8;IJ8ML
4VU
:X`8;:]`8?L9El`8M>;GZC7NZ8MPQ8
U
:l>
4VU
 >;RSLE
4
R	I<SGZLJ>@I-GOPgG
U
8;I_NH8MLﬃf]I-C7GZL
<	8ML=C7RCNsNH8;ES:
4VU
L;a

NOL[>
4VU
<SRSGZLJ8
U
:[C7RCNx<	8MRCNw`8M\uRDCF:JG
4VU
L=LJRDGHfC
U
:98MLu/
+,
-
,.0/
U
X-X21

r
/
U
X-X21

2324
S

/
U
XX21

5
4
687
/

S:9
;

r
/

S:9
;

2324
S

/

S:9
;

5
46ﬁ7
1
8ML
US4
P
6
I-8MLb<
2
`8;f_`8
U
8MPQ8
U
:JLXL]`8MNH8M>@:JG
4VUSU
`8MLgC

C
U
:XR
U
f]I-C7GlNH8;ES:
4VU
$
+-,.,*/ 0
(
4
R C

C
U
:XR
U
f]I-C7GlNH8;ES:
4VU
$
2'
4 -
2
(
L
4VU
:cNZG`8MLcEDCFIKNZCESI
476
C
6
GZNZGH:]`8ﬀ/"<$#

8
E
4
R	IcNH8bfuI-C7G NH8;ES:
4VU
$
+ ,., / 0
(
<	8bL-CF:JGZL9C7GHIJ8YC7RDLJLJG NH8b>@IkGH:@q8;IJ8
$
2'
4 -
2
(
a

N38
U
8ML9:0<	8P8MPQ8yE
4
RSIANH8MLYC7RCN{NZ8;ES:
4VU
L $
+ , ,*/ 0
(
\uRSG3EDC7LJL98
U
:0NH8>@I-GZ:@q8;I-8 $
2'
4 -
2
(
CMf78M>yNZC
ESI
476
C
6
GZNZGZ:u`8 /<%
('*)
a%8;:9:98yESI
476
C
6
GZNZGH:]`8g8MLJ:bENZRSLKr7I-C
U
<	8E
4
R	IbNH8Xf]I-C7GNH8;ES:
4VU
a
1
8yL

L9:@q8MPQ8sESI^`8M>D`8M<	8
U
:
<	8;f^GH8
U
:KC7N
4
I-LKR
U
L

L9:;q8MPQ8X<S80<S8MRCN `8M\]RSCF:JG
4VU
LAG
U
<`8;Ep8
U
<SC
U
:98MLgqCs<	8MRCNtG
U
>
4VUSU
R	8MLK\uR
2
GZN8MLJ:KE
4
L-LJG
6
NH8
<	8KI^`8ML
4
RS<	IJ8/
+
-
.
/
U
X-X21

r
/
U
X-X(1

2
3(4
S

/
U
X-X21

5
4
687
/

S=9$;

r /
2
3(4
S
7
/
U
X-X(1

2
3(4
S
 /
5
4
687
7
/
U
X-X(1

5
4687

~

1CQL
4
NZR	:JG
4VU
<SRxL

L9:@q8MPQ8?8ML9:D/
+
,
-
,
. /
U
X-X21

2324
S
r
\
` >`
5	
	
\ 
aE_



 
5	

/
U
X-X21

5
4
687
r



 

\  
aQ_
5
\
` #`



 
5 	

-

 h)h 
;
8;:j-
698;:=< 6
L
4VU
:Q>
4VUSU
RSLY8;:QL
4VU
:0NH8ML
U	4
P
6
IJ8MLb<
2
`8;f_`8
U
8MPQ8
U
:JL
476
:98
U
RSL0CFESIMq8ML0NH8MLbL]`8MNH8M>@:JG
4VU
L
$
+ ,., / 0
(
8;: $
2'
4-
2
(
a / <$#

8
8;: /8%
('*)
<
4
GHf78
U
:8;:9IJ8xPQ8MLJRSI]`8;8ML0EDCFIgC7GZNZNH8MRSI-L;a /8%
('*)
8ML9:QPQ8MLJRSI]`8;8vqCŁECFIJ:JGHI
<
2
R
U
`8M>-BDC
U
:JGZNON
4VU
<	8K<
4VUSU
`8;8MLlI^`8;8MNZNZ8ML;a%8MNZRSG B >;GC`8;:u`8Y8
U
I-GZ>kBSG8
U
C7RCNyNH8;ES:
4VU
L;e]8
U
G
U
f78;I-LJC
U
:[NH8c>@IkGH:@q8;IJ8
LJRSIzN
2
`8
U
8;IJrVGZ8Y:9I-C
U
L9f78;I-L980PgC
U
\]RSC
U
:98
"


ﬁ


 G
8ﬃﬂ
#
a / <*#

8 8ML9:cPg8MLJR	I^`8;80LJR	IT<	8MLz<
4VUSU
`8;8MLTLJGZPbRSNk`8;8ML

 98;:JL=8;:=: h:Ma
1
8
U	4
P
6
IJ8T<	8#i8;:JL8;:[NH8MLl>@I-GH:;q8;IJ8ML[<S8c<`8M>;NH8
U
>-B	8MPQ8
U
:lEp8MR	f78
U
:[G
U
R	8;IﬃL-R	I>@8MLESI
476
C
6
GZNZGZ:u`8MLMa 
U
8 p8;:;e
NZCEDI
476
C
6
GZNOGH:u`8x<	8xIJ8M>
4VU
LJ:9I-RSGHIJ8xC7R+P
4
G
U
LXR
U
98;:>
4
PgPQ8tNH8;ES:
4VU
<DC
U
LXN
2
`8;f_`8
U
8MPQ8
U
:yC7RSrVPQ8
U
:98Ł8
U

4VU
>@:JG
4VU
<DR
U	4
P
6
IJ8X<	8 i8;:JL;a

8P8MPQ87e NZ8MLA>@I-GH:;q8;IJ8MLb<	8X\]RSC7NZGZ:u`8CFESEDNZGZ\]R`8MLKC7RCN`8MNH8M>@:9I
4VU
LA<SC
U
LYNH8ML
<SGd`8;IJ8
U
:98MLf78;I-LJG
4VU
Ll<SR<`8M>;NH8
U
>kB	8MPQ8
U
:
4VU
:`8;:u`8AP
4
<SGZﬁl`8ML;e]>@8K\uRSGP
4
<SGZﬁS8 /<%
('*)
a%
2
8ML9:ﬃE
4
R	Ik\uR
4
G/ <*#

8
8;: /<%
('*)
L
4VU
:[EDCFI-C7P`8;:9I^`8;8MLz8
U

4VU
>@:JG
4VU
<	8MLf78;I-LJG
4VU
L[<S8ML[>@I-GH:@q8;IJ8ML=<	8K<`8M>;NH8
U
>-B	8MPQ8
U
:d<	8MLl<
4VUDU
`8;8ML
4
R
<SR
U	4
P
6
IJ8z<	8 i8;:JLMa cRS>;R
U
8c<ﬃ`8;E8
U
<SC
U
>@8zL-GHr
U
GZﬁD>;CF:JGZf78d<	8 /8%
('*)
8
U

4VU
>@:JG
4VU
<SR
U	4
P
6
IJ8c<	8998;:JL
Uo2
8ML9:
>
4VU
LJ:JCF:u`8;8<SC
U
LTNH80>;C
U
C7ND?i8#98;:JL&C /oNZCXfFC7NH8MR	IK>kB
4
GZLJGH80C `8;:u`8
476
:98
U
RS8QE
4
RSIcR
U
8bPbRSNH:JGHENZGZ>;GH:]`8?8
U
98;:JL
LJRSE`8;I-GH8MR	IJ8
4
R `8;rVC7NH8qC|<	8MRCN _`(

a
a
1
8MLA:JC
6
NH8MC7RCN+(]a
~
8;:j(]a

I^`8M>;CFEDGH:JRDNH8
U
:bNH8ML?fFC7NH8MR	IkLAR	:JGZNOGZLu`8;8MLKE
4
R	I
/"<$#

8
8;: /<%
('*)
a
	

V&(]a
~
ﬀ

+-0
1=
/)%&0
/
2324
S
1
2'ﬃ+ 'ﬃ/0 0 /

,
1C
+-0 /
<
+ﬂﬁ*/ 0 /
$
0ﬃ! .0 2 /
(
0.2
$A
ﬃ! .0 2 /
(
0

ﬁ ,


2' ,

%
1

,
#",
0 %#0$ 0.2 /  0
$
0
1CŁ
/ / ,

' 0 0 0ﬀ/ 2 %/ ,

'
4
'

0 /ﬀ2

2'ﬃ/ﬀ2'
 1
0)
-&% ;
6

/ <*#

8
/S>;C
U
C7N ?i8#98;:JL&C /"<$#

8
/>;C
U
C7N2?BA$#98;:JL&C

i8;:

a)

?
ﬃ0
a


(

a)
Y
?
ﬃ0
a


3
~
98;:JL

a)
7Qﬃ0
a


Y

a)
(
Qﬃ0
a




98;:JL

a)
ﬀxﬃ0
a


3

a)
(
(
ﬃ0
a


?


98;:JL

a)
~ﬀxﬃ0
a


?

a)


ﬃ0
a


?
	

V(]a

'

+-0
1C
/ %&0
/
5
46ﬁ7
1
2' + ' /0 0ﬀ/

,
1C
+-0 /
P
+ﬂﬁ*/.0ﬀ/
$
0(ﬃ! 0.2 /
(
0.2
$A
ﬃ! .0 2 /
(M
'

/ '
 1
0 +  0
$
0
1C
/ 2

2' / 2'
.1
0

/ / ,

' 0 0

,
1C
+-0 /@%' ) 0

0

230ﬀ/  0

/ ' ,

/ %#0ﬀ/


' 20

0 /@%&0 % 0

+ 0


-
0

0

2+*

\ \



\,.-
0 2
0

ﬁ ,


2' ,

%
1 
,
/"W
0@%&0$ .0 2 / 
/<%
('*)
/S>;C
U
C7N ?i8#i8;:JL C /8%
('*)
/D>;C
U
C7N2?BA$#98;:JL&C
ﬂ
7

a

~
3
ﬃ0
a




98;:

a

7Qﬃ0
a

V
ﬂ

~ 
a

43
ﬃ0
a


Y
~
98;:JL

a

3

ﬃ0
a


?
ﬂ

 
a

Qﬃ0
a


3

98;:JL

a
?

ﬃ0
a
V~ﬀ


98;:JL

a
?

ﬃ0
a
V~ﬀ
-
4
:
4VU
L\]R	8NZ8ML 8;W>;C7>;GH:u`8ML / <*#

8
8;: /8%
('*)
L
4VU
:jGZLJLJR	8ML <
2
R
U
8PQ8MLJR	I-8ﬃ8 p8M>@:JRﬃ`8;8dCFESIMq8MLjNZCdESI^`8ML]`8MNH8M>@:JG
4VU
a

U
8 8;:;e_qCX>@8
U
GHf78MC7RneDNZCgL9:JCF:JGOL9:JGZ\]R	8A8ML9:z8
U
>
4
IJ8YIJ8MNZCF:JGHf78MPQ8
U
:zGOPQE
4
IJ:JC
U
:98Y8;:dEp8;I-PQ8;:z<
25476
:98
U
GHIz<	8ML
fFC7NH8MR	I-LYLJR	WXL-C7PgPQ8
U
:?ESI^`8M>;GZL98MLMa%8MLY8;WX>;C7>;GH:]`8MLQL
4VU
:0C7RSLJLJGﬃR	:JGZNZGZL]`8;8MLYCFESIMq8ML`8;:JGZ\uRS8;:JCFr78y<S8ML	98;:JL;a9
U
8 p8;:;e N
2
8;W>;C7>;GH:u`8<SR>@IkGH:@q8;IJ8 $
2'
4-
2
(
LJRSIANH8MLt`8MNH8M>@:9I
4VU
L $
+ ,., / 0
(
`8
U
8;IJr `8;:JGZ\]R	8MLY8;:YGZL
4
Nk`8MLK8ML9:AGZ<S8
U
:JGZ\]R	8
<SC
U
LﬃNH8MLX`8;f_`8
U
8MPQ8
U
:JLy`8;:JGZ\uRS8;:u`8MLd8;:
US4VU
B`8;:JGZ\uRS8;:u`8MLMaP%8;:9:98KB

E
4
:JBpq8ML98?C`8;:u`8Kf_`8;I-GZﬁl`8;8K8
U
PQ8MLJRSI-C
U
:/<%
('*)

~
Y
Cmf78M>=NZCTP8MPQ8=ESI
4
>`8M<SR	I-8=\uR
2
CmfC
U
:0`8;:JGZ\]R	8;:JCFr78zPXC7GZLCMf78M>dNOCcLJ:JCF:JGZL9:JGZ\]R	8[<SGZL9E
4VU
G
6
NH83CFESIMq8ML0`8;:JGZ\uRS8;:JCFr787a
1
8ML[fC7NZ8MR	I-L[PQ8MLJRSI]`8;8ML;e
6
GZ8
U
\uR	8?NOGZPgGH:]`8;8ML=L9:JCF:JGOL9:JGZ\]R	8MPQ8
U
:;eSL
4VU
:z>
4
PQEDCF:JG
6
NZ8ML;a
1
8_:JC
6
NH8MC7RM(]a

<
4VUSU
8_NH8ML
U	4
P
6
IJ8ML <
2
`8;f_`8
U
8MPQ8
U
:JLIJ8ML9:JC
U
:JL CFESI;q8MLNH8MLL]`8MNH8M>@:JG
4VU
L $
+ , ,*/ 0
(
8;: $
2'
4-
2
(
e
C7G
U
LJG^\uR	8=NZ8MLI]`8MLJRSNH:JCF:JLj8
U
:98;I-PQ8d<	8lf]I-C7GZL
4
R0C7RCNQNH8;ES:
4VU
LMa
1
8
U
GHf78MC7RQ<S8MLj
4VU
<SLjPYRDNH:JG 98;:JLIJ8;ESI^`8ML98
U
:98
8
U
f]GZI
4VU

!l
<	8MLy`8;f_`8
U
8MPQ8
U
:JLcLu`8MNH8M>@:JG
4VUSU
`8ML
	

V
(]a

 
,
#",
0 %/ 00

0

0

2 / %#02%	,
 
0 0 /

0 0 + + 0ﬀ// 2

2'ﬃ/ ﬁ

' /

2
 1
/0 + 0

2' ,

/
$
+-,.,*/.0
(
0 2
$
2'
4-
2
(
 P
0 / 0 2'
 1
0.2
.4
0ﬃ 


,
 
,*/ ' 2' ,

0

00

0

0

2 /
 1
+ 2'  .0 2 / 0 2

0 /ﬀ2 %	,

0 0

,
1C
+-0 / %&0
1

< 1
%/ 
<
+ﬂﬁ*/ 0
$
0ﬃ! .0 2 /
(
0 2
$A
ﬃ! .0 2 /
(
0 2 0

ﬁ ,


2' ,

%
1 
,
/",
0 %#0  0.2 /  0ﬀ/ 0
$
0
1C
/ /
1C
/

S:9
;

2324
S
0 2
/

S:9
;

5
46ﬁ7
/ ,

2%
1
0ﬀ/
 1
'


0

2' 2
1
%&0ﬀ/ /
1C
/
2324
S 0 2
/
5
4687

%lC
U
C7N 8#i8;:JL A$#98;:JL

i8;:
~
i8;:JL

98;:JL 

i8;:JL

i8;:
~
i8;:JL

98;:JL 

i8;:JL
-

 h)h 
;

 3

 ~

Y

(
Y
~
Y


-
698;:=< 6
(
Y


? ?
3
 
(
~
 ?
-
698;:=< 6
<$#

8
(
(]a)(
ﬃ
]a
 
(]a

ﬃ
3]a)(


a)(
ﬃc
a

?
a

ﬃc
a

3

a)
ﬃ
]a
~  
a
?
ﬃ
3]a)
~ﬀ
a
xﬃc
a
?

a)
(
ﬃK~
a
?

-
698;:=< 6
%
('*)

a)(
ﬃ

a

~
a)Y
ﬃ0
a)Y
~
a)(
ﬃ0
a)

a

Y
ﬃ0
a

Y

a
~ ﬃ0
a)Y

a
~ ﬃ0
a)

a
xﬃu
a
?
~
a

ﬃ0
a)
%8;:9:98Pv`8;:JB
4
<	87ezCFESEp8MN`8;8 ?9P`8;:JB
4
<	8<	8{NZCwPgCF:9I-GZ>@8 C^ec<
4VUSU
8NH8
U	4
P
6
IJ8<
2
`8;f_`8
U
8MPg8
U
:JLPbRSNH:JG 98;:JL
L]`8MN`8M>@:JG
4VUDU
`8ML;a%l8MNZCy8ML9:YL-R	WXLJC
U
:KE
4
R	I?NZCsPQ8MLJRSIJ8X<	8gNZCsLJ8M>@:JG
4VU
8;WX>;C7>@87a9
U
IJ8;fC
U
>-B	87en8MNONH8
U
8gEp8;I B
PQ8;:QEC7Lg<
2
C7>;>D`8M<	8;IC7RnN <SGOL9:9I-G
6
RS:JG
4VU
LA>;G
U
`8MPgCF:JGZ\]R	8MLg<	8ML
476
i8;:JL;a[%l8MLg<	8;I
U
G}q8;I-8MLQL
4VU
:
476
:98
U
RS8MLQ8
U
8
U
IkGZ>-BSGOLJLJC
U
:0NZ8|N
4
:X<	8Ł<
4VUSU
`8;8MLg8
U
`8;f_`8
U
8MPg8
U
:JLy<	8|>@8Ł:

Ep87a#3NZNZ8MLgL98;IJf78
U
:qC>
4VU
:9Il
4
NH8;IyNH8MLg<DGZL9:9I-G B
6
RS:JG
4VU
LTESI^`8M<SGZ:98MLKEDCFIA>@8MNZNZ8ML
476
:98
U
R	8MLA<DC
U
L?NH8ML?<
4VUSU
`8;8ML
"
% aL98M>@:JG
4VU
(]a)]a

#
a zG
U
LJG}eoR
U
`8;f_`8
U
8MPQ8
U
:
<SC
U
L3NH8MLﬃ<
4VUSU
`8;8MLﬃI]`8;8MNZNH8ML<
4VU
:lNZCK
4
I-PQ8zrVN
476
C7NH8z<	8zN
2
`8MNH8M>@:9I
4VU
L]`8MNZ8M>@:JG
4VUSU
`8
Uo2
8ML9:EDC7L3>
4VU
L-GZL9:JC
U
:98cCmf78M>
>@8MNZNZ8?<
2
R
U
f]I-C7Gz`8MNH8M>@:9I
4VU
"
[*


8
;


8;<
h)h
m 

s
(
#
8ML9:d>;NZC7L-Lu`8Y>
4
PgPQ8? `8;f_`8
U
8MPQ8
U
:KPYRSNZ:JG i8;:&C^a

No8
U
8MLJ:d<	8
P 8MPQ8KE
4
R	IlNH8MLg`8;f_`8
U
8MPg8
U
:JLc<
4VU
:lNZ8cPbR
4VU
Lu`8MNH8M>@:JG
4VUSU
`8
Uo2
8ML9:lEDC7LlGZL
4
N`8
"
	
C7N
4
"

sZ


s

#
E

s

bE
p
ﬁ
4
R

Iﬀ%
4VU
8
"

s
(
#
E

s

3gE
p
ﬁ
#
a
b   ﬃﬂ 

*	 d (+*	
 
 


 -
1
8MLx`8;f_`8
U
8MPQ8
U
:JL

"

NpeCMf78M>QN:rT87eAje
#
C7>;>
4
PgEDCFr
U
`8MLA<	8 98;:JLzEDI
4
<DRSGZL98
U
:dR
U
`8;:JCF:uﬁ
U
C7N :9I;q8ML
LJGOPgGZNZC7GHI-8XC7R LJGHr
U
C7N}a 
U
8 p8;:;e3NH8ML 98;:JLgC7LJL
4
>;G`8MLXC7R

L
4VU
:gPgC
4
I-GH:JC7GHI-8MPQ8
U
:g<S8ML i8;:JLX<	8sLJCMf78MR	IkL
N`8;r	q8;IJ8ML;a
U
98;:=Ep8MR	:@8;:9IJ8`8;:JGZ\]R	8;:]`8 'cLJGo>@8
98;:=ESI
4
f^GH8
U
:l8 p8M>@:JGHf78MPQ8
U
:z<	8?NOCQ<ﬃ`8MLJG
U
:u`8;r7IkCF:JG
4VU
L98MPXGZNH8;EnB
:
4VU
GO\uR	8b<
2
R
Ut6t4
R<
2
R
U
>FepL
4
GH:z8
U
IkC7GZL
4VU
<
2
R
U
80PgC7R	fFC7GZL980GZ<	8
U
:JGZﬁD>;CF:JG
4VU
<SRtPYR
4VU
C7L-L
4
>;G`8gC7R 98;:;a
%8MLs`8;f_`8
U
8MPg8
U
:JLK>
4VU
LJ:JGH:JR	8
U
:cNH8A
4VU
<Ł<
4
PgG
U
C
U
:dCFEDI;q8MLcL]`8MNZ8M>@:JG
4VU
8;:z<
4
GHf78
U
:T<
4VU
> 8;:9IJ8b8ML9:JGZP`8MLTCmf78M>
NZCQPg8MGZNZNH8MR	I-8zESI^`8M>;GOLJG
4VU
E
4
LJLJG
6
NH87a
1
C0<ﬃ`8;:98;I-PgG
U
CF:JG
4VU
<SR
US4
P
6
I-8T<
2
`8;f_`8
U
8MPQ8
U
:JL

 98;:JL=<SC
U
L
U	4
:9IJ8KN
4
:[<
2
`8;f_`8
U
8MPQ8
U
:JLzL98TC7GH:lEDCFI
`8;:JCFEp8ML[LJRS>;>@8MLJL-GHf78ML;a

4
R	:l<
2
C
6p4
I-<NH8
U	4
P
6
IJ8c<
2
`8;f_`8
U
8MPg8
U
:JL

 i8;:JLl8MLJ:
U	4
IkPgC7NZGZL]`8cLJR	IﬃNZ8MLﬃ<
4VUDU
`8;8ML
C7R
U
GHf78MC7Rw<S8ŁNZCEDI]`8MLu`8MNH8M>@:JG
4VU
a	
U
LJRSGH:987e
4VU
<ﬃ`8;:98;I-PgG
U
8ŁNZC>
4
PgE
4
L-GH:JG
4VU
8
U
LJCMf78MRSI-L<S8ML<SGd`8;IJ8
U
:JL
ESI
4
>@8MLJL-RSL

 i8;:JLMa 
U
ﬁ
U
e]NZCbESI
476
C
6
GZNZGZ:u`8T<
2
`8;:JGZ\]R	8;:JCFr78A8MLJ:[8ML9:JGZP`8;8qC0EDCFI-:JGHI[<	8?NZC0LJGZPbRSNZCF:JG
4VU
E
4
R	I
>kBSC7\uRS8?ESI
4
>@8MLJLJRSL

 98;:JLd<	8?>
4
PgE
4
L-GH:JG
4VU
8
U
L-CMf78MR	Ic<
4VUSU
`8;87a
1
8MLX`8;f_`8
U
8MPQ8
U
:JL

 i8;:JL[L
4VU
:r `8
U
`8;I^`8MLcCMf78M>ŁtjvQwy'z{e]8;:
4VU
LJRSESE
4
L98z\]R	8TNH8MR	Il>;G
U
`8MPgCF:JGZ\]R	8c8ML9:
>
4
IJI-8M>@:98MPQ8
U
:?<`8M>@IkGH:987a%8;Ep8
U
<SC
U
:cR
U
8YIJ8
US4
I-PgC7NZGZL-CF:JG
4VU
rVN
476
C7NH8Y8MLJ:
U
`8M>@8ML-LJC7GHIJ87a'%8;:9:98Q<	8;I
U
Gq8;IJ8b8ML9:
I^`8MC7NZGOLu`8;8qCsEDCFI-:JGHI?<SR
U	4
P
6
IJ8g<
2
`8;f_`8
U
8MPQ8
U
:JL0<SC
U
L?NH8MLA<
4VUSU
`8;8ML;a8%l8;:9:98XESI
4
>D`8M<SR	IJ8g<S8
U	4
I-PgC7NOGZLJCF:JG
4VU

ﬀ
<	8MLT
4VU
<SLKL-R	I?NH8MLK<
4VUSU
`8;8MLACxN
2
CMfFC
U
:JCFr78<	80I^`8M<SRSGZIJ8gN
2
G
U
>@8;I-:JGH:JRS<	8bLJR	I?NZCsL98M>@:JG
4VU
8;WX>;C7>@8XPQ8ML-R	I]`8;8 /
NZCs\]RSC
U
:JGH:u`8X<	8X>@8MLA
4VU
<SL
Uo2
8ML9:?ENZRSLKL98
U
L-G
6
NH80C7RCNG
U
>@8;IJ:JGZ:JRS<	8MLTNZG`8;8MLqC|NZCsPQ8MLJR	I-8g<	8gNZCsNZRSPXG
U	4
LJGH:]`8
G
U
:u`8;r7I]`8;8b<S8ML=<
4VUSU
`8;8ML;a
1
8
US4
P
6
I-8:
4
:JC7N[<
2
`8;f_`8
U
8MPQ8
U
:JL

 98;:JLYEDI]`8MLu`8MNH8M>@:JG
4VUSU
`8MLQ8MLJ:
476
:98
U
R CMf78M>|NZC|P`8;:JB
4
<	8s<	8yNZC
PgCF:9IkGZ>@8d<`8M>@I-GH:98dESI]`8M>D`8M<	8MPgPQ8
U
:;a
1
8=:JC
6
NZ8MC7R(]a)(KIJ8;E
4
IJ:98zNH8
U	4
P
6
IJ8d<
2
`8;f_`8
U
8MPQ8
U
:JLﬃI-8ML9:JC
U
:JLCFESIMq8MLNH8ML
ESI^`8ML]`8MNZ8M>@:JG
4VU
L $
+ , ,*/ 0
(
8;: $
2'
4 -
2
(
eSC7G
U
LJGo\]R	8?NH8MLlI^`8MLJRSNZ:JCF:JL=8
U
:98;I-Pg8A<	8Kf]I-C7GZL
4
RsC7RCNsNH8;ES:
4VU
L;a
1
8?N
4
:
<
2
`8;f_`8
U
8MPQ8
U
:JL?ESI^`8ML]`8MNH8M>@:JG
4VUSU
`8ML
"
Cmf78M>gR
U
8QPbRSNH:JGHENZGZ>;GH:]`8YL-R	E`8;I-GH8MR	I-8
4
R `8;rVC7NH8tqCy:9I
4
GZL
#
8ML9:K>
4
PQE
4
Lu`8tqC

(
l
<
2
`8;f_`8
U
8MPQ8
U
:JLKCMf78M>bR
U
f]I-C7GnNZ8;ES:
4VU
eD\]R	8AN
254VU
LJR	ESE
4
L98?GZL-LJRSL[<	8MLdESI
4
>@8MLJLJRSL

 98;:JL;eﬁ  98;:JL;e
<SG
64
L
4VU
L;e
/ '
#4
+ 0 2,

8;:A<S8QESI
4
<SRS>@:JG
4VU
<	8QEDC7GZIJ8MLK<	8Q:
4
Ena
1
8ML
U	4
P
6
IJ8MLK<
2
`8;f_`8
U
8MPQ8
U
:JL
476
L98;IJf_`8MLA8;:
ESI^`8M<DGH:JL0L
4VU
:>
4VU
:9I-C7G
U
:JLŁqCF8;:9IJ8`8;rVC7RnNC7R
U
GHf78MC7R<	8xNZCtESI^`8ML]`8MNH8M>@:JG
4VU
adCFIX>
4VU
L]`8M\]R	8
U
:;e3NH8
U	4
P
6
IJ8
<
2
`8;f_`8
U
8MPQ8
U
:JL

 98;:JL=ESI^`8ML]`8MNZ8M>@:JG
4VUSU
`8MLcCMfFC
U
:x`8;:JGZ\uRS8;:JCFr78Ł-
g*# ;

;


 


; 6

8ML9:s`8;rVC7NqC /
-
g # ;

;


 


; 6

r-
g # ;

;


<*#

8
[
-
g # ;

;





; 6

[
-
g # ;

;



8 4
h Eh#j 
[
-
g # ;

;


6
h
g
[
-
g # ;

;


66
	

V(]a)(
  
,
#",
0,%/ 0 0

0

0

2 / %&0%	,

0 0 /

0 0 + + 0ﬀ/ﬁ/ 2

2' / ﬁ

' /

2
 1 <
0ﬀ/0 + 0

2' ,

/
$
+ ,., / 0
(
0 2
$
2'
4 -
2
(
 


,
 
, / ' 2' ,

0

00

0

0

2 /
 1
+ 2'  0.2 /ﬁ0.2

 
"
0ﬀ/ 2 %	,

0 0

,
1C
+ 0ﬀ/ %&0
1

< 1
%/ 
<
+ﬂﬁ*/ 0
$
0ﬃ! .0 2 /
(
0 2
$A
ﬃ! .0 2 /
(
0 2 0

ﬁ ,


2' ,

%
1 
,
/",
0 %#0  0.2 /  0ﬀ/ 0
$
0
1C
/ /
1C
/

S:9
;

2324
S
0 2
/

S:9
;

5
46ﬁ7
/ ,

2%
1
0ﬀ/
 1
'


0

2' 2
1
%&0ﬀ/ /
1C
/
2324
S 0 2
/
5
4687

%lC
U
C7N 8#98;:JL A$#98;:JL

98;:
~
98;:JL

98;:JL 

98;:JL

98;:
~
98;:JL

98;:JL 

98;:JL
-

 h)h 
;
Y
7



Y

Y

Y
~ ~


Y
 7~7~

343


3

-
698;:=< 6
3

(
 ~7~
?

343
7
Y 3

~
?
~7~
3
?
 
Y



-
698;:=< 6
<$#

8
(


3
ﬃ



Y
?
3
ﬃ
(


Y
(
ﬃK~7
Y
Y
ﬃ

~
343

(
ﬃ

 ~

(
(
ﬃc
Y
 
(
ﬃK~7~
Y

ﬃ


-
698;:=< 6
%
('*)

?
ﬃ?~

~

ﬃ


?]
ﬃ
(

Y]a)(
ﬃK~
a)(
~

~ ﬃK
7
~ ﬃ
3
7
a 3
ﬃK~
a
?
]a 3
ﬃ

a


4
RSLT>@8ML
U	4
P
6
IJ8MLKL
4VU
:K<ﬃ`8;:98;I-PgG
U
`8MLAr7IlC7>@8ŁqCyNZCyPv`8;:JB
4
<	8g<	8QNZCyPgCF:9I-GZ>@808;:qCyNZCyLJGZPbRSNZCF:JG
4VU
eqCsN
2
8WN=B
>@8;ES:JG
4VU
<	8
U	4
:9IJ8bLJGHr
U
C7N8-
g*# ;

;


6	 6
ERSGZLJ\]R
2
GZNo<`8;Ep8
U
<t<	8YNOCgfFC7NH8MR	IT<	8

"
:
h
:
#
a
1
8
U	4
P
6
IJ8b<
2
`8;f_`8
U
8MPg8
U
:JL
ESI^`8ML]`8MNZ8M>@:JG
4VUSU
`8ML

 98;:JLl<ﬃ`8;Ep8
U
<X<	8zNZC?L98M>@:JG
4VU
8;WX>;C7>@8T\uRS8zN
254VU
L
4
RSBSC7GH:98cPQ8MLJR	IJ8;Ima

8MRCNgPv`8;:JB
4
<S8ML
4VU
:|`8;:]`8g<`8;f78MN
4
EDE`8;8MLKE
4
R	Id:9I-C7GZ:98;IT>@80ESI
476
Nq8MPQ8/pR
U
80P`8;:JB
4
<	80GH:u`8;I-CF:JGHf787en<`8M>@I-GH:9808
U
<ﬃ`8;:JC7GZN<SC
U
LcNZC
EDCFI-:JGH8 (]a)(]a

e8;:dR
U
8?Pv`8;:JB
4
<	8A<	8Kf]I-C7GZL98MP
6
NZC
U
>@8?\uRSGoLJ8;I
4VU
:z<ﬃ`8;:JC7GZNZN`8;8ML=8
U
L98M>@:JG
4VU
(]a)(]a
~
a
d
4
R	IzNZCbESIJ8MPgG}q8;IJ87eSR
U
8KfC7NZ8MR	I=<	8

"

h

#
r
?
 'z8ML9:=R	:JGZNZGOLu`8;8cECFId<ﬃ`8;C7RS:;eS8;:=Ep8;I-PQ8;:[<	8?>;C7NZ>;RDNH8;I=NH8
U	4
P
6
IJ8Y<
2
`8;f_`8
U
8MPQ8
U
:JL

98;:JLcCMfFC
U
:|`8;:JGZ\]R	8;:JCFr787a

"
:
h
:
#
8ML9:z8
U
LJRSGZ:98
476
:98
U
R	8YCFESIMq8ML|`8;:JGZ\]R	8;:JCFr787ep8;:
>@8;:9:98
US4
R	f78MNZNH8TfFC7NH8MR	I[8ML9:[I^`8WB G
U
i8M>@:]`8;8bE
4
RSIlNZ8?>;C7NZ>;RSNo<SR
U
GHf78MC7R|<	8T
4VU
<

 98;:JL=CMfFC
U
:s`8;:JGZ\uRS8;:JCFr787a
cG
U
LJG e <	8MRCN
4
R:9I
4
GZLGH:u`8;I-CF:JG
4VU
L[L
4VU
:lLJR	WXL-C
U
:98MLE
4
R	Iﬃ>
4VU
f78;IJr78;I[f78;I-LlNZCYf]I-C7GH8zLJ8M>@:JG
4VU
8;WX>;C7>@8

"

h

#
a

NC `8;:]`8P
4VU
:9I^`8g\]R	8QNH80I]`8MLJRSNH:JCF:
U
8Q<`8;Ep8
U
<tEDC7LK<	8QNZCfFC7NH8MR	IKG
U
GZ:JGZC7NH8A>kB
4
GZLJGH8Q<	8QNZCL98M>@:JG
4VU
8;W>;C7>@8


6	 6
a

U
8<	8MRCN	G}q8MPQ8P`8;:JB
4
<	87e=CFESEp8MN`8;8Pv`8;:JB
4
<	8<	8fuIkC7GZL98MP
6
NZC
U
>@8tC7GZ:EDNORSLJGH8MR	IkLgESI^`8M<SGO>@:JG
4VU
Ly<SR
U	4
P
6
IJ8z<
2
`8;f_`8
U
8MPQ8
U
:JLlESI^`8ML]`8MNH8M>@:JG
4VUSU
`8ML

 98;:JLE
4
RSI3<SGd`8;IJ8
U
:98MLfFC7NH8MR	I-L3<	8

"
:ih:
#
a
1
8ML3I]`8MLJRSNH:JCF:JL<	8
>@8MLc<	8MRCN|P`8;:JB
4
<	8MLx`8;:JC
U
:T8
UŁ6p4VU
C7>;>
4
I-<oepNZCPv`8;:JB
4
<S8b<	8AfuI-C7GOL98MP
6
NZC
U
>@8A8MLJ:zR	:JGZNOGZLu`8;8Y<SC
U
LdNZCLJRSGH:98
E
4
R	I[NH8ML=Pg8MLJR	IJ8ML;e	:JC
U
<SGZL[\]R	8ANZC0ESI-8MPgGq8;IJ8?L98;IJ:YqCX>
4VU
:9Il
4
NZ8;IzNH8ML[I^`8ML-RSNH:JCF:JL;a

U
80
4
GZLKNH8
U	4
P
6
IJ8Q:
4
:JC7N_<
2
`8;f_`8
U
8MPQ8
U
:JL

 98;:JLTESI^`8ML]`8MNH8M>@:JG
4VUSU
`8MLA8MLJ:?>
4VUSU
RE
4
RSIT>kBSC7\]R	8gG
U
B
:98;IJfFC7NZNH8?<S8?PYRSNZ:JGHEDNZGZ>;GZ:u`8T8
U
98;:JL;eDGONp8ML9:
U
`8M>@8MLJLJC7GZIJ8Y<	8Y<ﬃ`8;:98;I-PgG
U
8;IzNZC0ESI
476
C
6
GZNZGH:]`8K<
2
`8;:JGZ\]R	8;:JCFr78b<S8?>@8ML
`8;f_`8
U
8MPQ8
U
:JLMa >@8;:9:98@ﬁ
U
eVGZNSC7R	:ﬃC7RgESI^`8MC7NZC
6
NH8d>
4VUSU
C  ﬁZ:9IJ8dNH8MR	I_>
4
PgE
4
L-GH:JG
4VU
8
U
LJCMf78MR	IkLﬃ<	8ML!i8;:JL;aId
4
R	I
>@8MNZC^eoNH8MLzESI
4
>@8MLJLJRDL

 98;:JL
"
~7~
8
U
:
4
R	:
#
4VU
:|`8;:u`8Xr `8
U
`8;I^`8MLY8
U

4VU
>@:JG
4VU
<	8bNOCPbRSNH:JGHENZGZ>;GH:]`8?8;:K<	80NZC



LJCmf78MR	IK<	8ML i8;:JL;a
1
8Y:JC
6
NH8MC7R (]a 3I]`8;E8;I-:
4
I-GH8Y>@8ML
~7~
ESI
4
>@8MLJLJRSLMa d
4
R	I
476
:98
U
GHIc<	8MLd8
U
L98MP
6
NH8MLz<
2
`8;:JRD<	8
<SGOL 
4
G
U
:JLﬃ8;:`8;f]GZ:98;IdC7G
U
LJGpNH8K<
4
R
6
NH8K>
4
PQES:JCFr787eDNZ8ML$i8;:JL[I-8M>
4VU
L9:9I-RSGZ:JL[L
4VU
:=C7L-L
4
>;G`8ML
"
?9PgCF:J>-BDG
U
rC
#
C7RCN
EDCFI-:
4VU
L=L98MN
4VU
NZ8?LJ>-B`8MPgCLJRSGHfFC
U
:u/
G
#
NH8 98;:l8ML9:=C7LJL
4
>;G`8?C7Ry\uRDCFIﬀ
6
LJGpR
U
BSC7<	I
4VU6
8MC7R
"
$
 3e
$
1
e  @epaHaHa
#
8MLJ:[ESI]`8ML98
U
:=<SC
U
LlR
U
>x
4VU
8
r

s
(QC7RS:
4
R	Iz<	8?N
2
ClN]8?<SR%i8;:
"
GOG
#
<SC
U
LcNH8b>;C7L
4
qRNZ8	98;:
Un2
8ML9:TEDC7LTC7LJL
4
>;Gk`8xqCyR
U
\]RSCFIﬀ
6
epGZN Ep8MR	:Ł8;:9IJ8gC7L-L
4
>;G`8QC7R\]RSCFIﬀ|>0LJG R
U
BSC7<	I
4VU
>-BSCFI-P`8
"
  e

1
e @eaHaHa
#
8ML9:ESI^`8ML98
U
:[<SC
U
LR
U
>x
4VU
80r

s
(AC7RS:
4
R	I[<	8zN
2
ClN^8T<SR 98;:
"
GZGOG
#
NH8
i8;:d8ML9:`8;:JGZ\]R	8;:u`8b>
4
PgPg8?ESI
4
f78
U
C
U
:z<
2
R
U
\]RSCFIﬀyNk`8;r78;Iz<SC
U
L=:
4
RSLdNH8ML[C7RS:9IJ8MLd>;C7L;a

U
`8;f_`8
U
8MPQ8
U
:x8ML9:s>
4VU
LJ8;IJf_`8E
4
R	IyNZC LJRSGH:98t<	8N
2
C
U
C7N

L98CFESIMq8MLsCFESEDNOGZ>;CF:JG
4VU
<
2
R
U
8ŁESI
4
>D`8M<DR	IJ8
LJGOPgGZNZC7GHI-80qCg>@8MNZNZ8?GZPQEDN`8MPQ8
U
:u`8;8Y<SC
U
L&*
1
* _`(
?la
eD\uRDGpI]`8M>;NZC7PQ8Y\]R	8/
1NH8
U	4
P
6
IJ8?<	8i8;:JLzNk`8;r78;I-L=<
4
GZ:08;:9I-8`8;rVC7NC7R
US4
P
6
I-8T<S8KEDCFIJ:
4VU
L[N`8;r78;I-L
"
RoeS<oeSL
#
eSL-C7R	 <SC
U
L=NH8ML
`8;f_`8
U
8MPQ8
U
:JL


E

i8;:JLMe
U	4VU
r `8
U
`8;I^`8ML[8WN^EDNZGZ>;GZ:98MPQ8
U
:;e7E
4
R	I_NZ8MLJ\uRS8MNZLjNH8
U	4
P
6
IJ8=<	8 98;:JL3N`8;r78;IkL
E8MRS:08;:9I-8ALJR	El`8;I-GZ8MR	IYqCg\]RSCF:9IJ8
"
1NH8MLl\uRSCFI ]L 'zGZLJLJRSL<	8T<ﬃ`8MLJG
U
:u`8;r7I-CF:JG
4VU
<S8zrVNZR
4VU
Ll<SC
U
LlNH8MLESI
4
>@8MLJLJRSL


6
h
6
 Ep8MR	f78
U
:08;:9IJ8
IJ8M>
4VU
L9:9I-RDGH:JLl8
U
R
Us4
R|<	8MRCN i8;:JL=C7L-L
4
>;G`8MLQqCQR
U
\]RSCFIﬀ '
"
1NH8ML[\uRDCFIﬀ]L

GZL-LJRSLl<	8K<ﬃ`8MLJG
U
:u`8;r7I-CF:JG
4VU
<	8TrVNZR
4VU
L[<SC
U
L[NH8MLlESI
4
>@8MLJLJRSL

v>
h
># Ep8MR	f78
U
:08;:9IJ8
IJ8M>
4VU
L9:9I-RDGH:JLl8
U
R
Us4
R|<	8MRCN i8;:JL=C7L-L
4
>;G`8MLQqCQR
U
\]RSCFIﬀ

"
1NH8?\uRDCFIﬀ

<SC
U
L=NH8MLlESI
4
>@8MLJLJRDL

><
4
GH: 8;:9IJ8AC7L-L
4
>;G`8sqCgR
U
98;:d<	8?\]RSCFIﬀ

a
1
CL98M>@:JG
4VU
8;WX>;C7>@8<	8|>@8MLESI
4
>@8MLJLJRSLg8ML9:>
4VUSU
R	8tC7R ESIJ8MPXGH8;I
4
I-<	I-8
"
% a_:JC
6
NH8MC7R

a

#
eGONl8ML9:
C7N
4
IkLYE
4
LJL-G
6
NH8<	8s<ﬃ`8;:98;I-PgG
U
8;IgNOC|I-C7>@:JG
4VU
<	8s>kBSC7\uRS8xLJCMf78MR	I<SC
U
L0NH8
U	4
P
6
IJ8:
4
:JC7N=<
2
`8;f_`8
U
8MPg8
U
:JL

%i8;:JLMaQ%8ML_I-C7>@:JG
4VU
LﬃL
4VU
:ﬃNH8ML_>
4VU
:9I-G
6
R	:JG
4VU
LjI-8MNZCF:JGHf78ML3<S8MLjESI
4
>@8MLJLJRSL3>
4VU
LJGZ<`8;I^`8MLﬃEDCFI-PgGDN
2
8
U
L98MP
6
NH8
<	8MLESI
4
>@8MLJLJRDL

 i8;:JLs<	8PbRSNH:JGHEDNOGZ>;GH:u`8|GZ<	8
U
:JGZ\]R	87aﬃNZNH8MLL
4VU
:yP
4
8
USU
`8;8MLxL-R	IsNH8ML<S8MRCN+>;C
U
C7RCN
?i8#98;:JL&C08;:@?BA$#98;:JL&C0EDRSGOLJ\uRS8zNH8c:

Ep8T<S8TNZ8;ES:
4VUyUo2
G
U 
RS8
U
>@8dEDC7L
 <
' ,

'
NH8ML8;WX>;C7>;GH:]`8?IJ8MNOCF:JGHf78ML[<	8
ESI^`8ML]`8MNZ8M>@:JG
4VU
a N^E`8;I-GZPQ8
U
:JC7NH8MPQ8
U
:;euC7RS>;R
U
8z<SGd`8;IJ8
U
>@8cLJGHr
U
G ﬁD>;CF:JGHf78
Uo2
CA<
2
C7GZNZNH8MRSI-LY`8;:u`8
476
L98;IJf_`8;8c8
U
:9IJ8
NH8MLlI-C7>@:JG
4VU
L=<	8

 98;:JLd<	8ML=<S8MRCNy>;C
U
C7RCNy<
2
C
U
C7N

L987a
%l8MLgI-C7>@:JG
4VU
LL
4VU
:>;C7NZ>;RSN`8;8MLqCEDCFI-:JGHIX<	8MLL98M>@:JG
4VU
LX8;WX>;C7>@8ML

~

4
R	I
U
GH8MLQEDCFINH8xr `8
U
`8;I-CF:98MR	IMa
ﬃNZNH8MLcL
4VU
:K8
U
LJRSGH:980>
4
IJI-GHr `8;8MLY<	8MLc8;WX>;C7>;GH:u`8MLY<S8bL]`8MNH8M>@:JG
4VU
e<	8MLc8;WX>;C7>;GH:]`8MLb<	8Q<ﬃ`8M>;NH8
U
>kB	8MPQ8
U
:;en8;:K<	8ML
8;WX>;C7>;GZ:u`8MLz<	8?N
2
C7LJL
4
>;GZCF:JG
4VU
EDCFIJ:
4VU
B98;:=<ﬃ`8;Ep8
U
<SC
U
:98?<SRESI
4
>@8MLJLJRSL;a
1
8ML=>
4
PQE
4
LJGH:JG
4VU
Lﬃ8
U
L-CMf78MR	I-Ld<	8ML
ESI
4
>@8MLJL-RSL

 98;:JL[CMfFC
U
:[8;:=CFESIMq8ML[NOCYEDI]`8MLu`8MNH8M>@:JG
4VU
L
4VU
:[<SGd`8;IJ8
U
:98MLMa
1
8ML[>
4
IJIJ8M>@:JG
4VU
Ll>
4
IJIJ8ML9E
4VU
<SC
U
:
qCQ>@8MLd:9I
4
GZL[8 p8;:JLdL
4VU
:=8ML9:JGOPv`8;8ML0qCQECFIJ:JGHI=<	8?NZCQL-GZPYRDNZCF:JG
4VU
a
1
8A:JC
6
NZ8MC7Rc(]a
?
<
4VUSU
8ANZ8MLdfFC7NH8MR	I-Ld<	8Y>@8MLcI-C7>@:JG
4VU
L;a
1
8MLc>
4VU
:9I-G
6
R	:JG
4VU
Ld<	8MLzL-CMf78MR	I-LcN`8;r^q8;IJ8MLKL
4VU
:

4
IJ:98MPQ8
U
:dPgC
4
I-GH:JC7GHI-8ML=PgC7GZL[<SGOPgG
U
R	8
U
:8
U

4VU
:JG
4VU
<	8
U	4
P
6
IJ8?<S8
i8;:JL;a

U
ﬁ
U
e NZCt<	8;I
U
G}q8;IJ8+`8;:JCFEp8x>
4VU
LJGZLJ:98qC>;C7NZ>;RDNH8;IQNH8
US4
P
6
I-8<
2
`8;f_`8
U
8MPQ8
U
:JL

 98;:JLv`8;:JGZ\]R	8;:u`8ML
6
e
E
4
R	I>-BSC7\]R	8TPYRSNZ:JGHEDNZGZ>;GZ:u`8d8;:LJCmf78MR	I-L[<	8ML&98;:JL;a

8TPgC
U
G}q8;I-8zr `8
U
`8;I-C7NH87eGZNS8ML9:
476
:98
U
R8
U
E
4VU
<`8;IkC
U
:lNH8ML
U	4
P
6
IJ8MLTEDI]`8M>D`8M<S8
U
:JLYEDCFIAN
2
8;W>;C7>;GH:u`8<
2
`8;:JGZ\]R	8;:JCFr78X8MLJ:JGZPv`8;8XLJR	I?NZ8MLŁ`8;f_`8
U
8MPQ8
U
:JLbLJGZPbRSNk`8ML;a
1
8MLAG
U
>@8;I B
:JGH:JRD<	8MLdL9:JCF:JGOL9:JGZ\]R	8MLdL
4VU
:cI]`8M<SRSGH:98MLd8
U
P
4
8
USU
C
U
:c>@8MLc8;WX>;C7>;GZ:u`8MLK<
2
`8;:JGO\uR	8;:JCFr78QLJRSIzNH8MLc<	8MRCNx>;C
U
C7RCN
?i8#98;:JL&CK8;: ?BA$#98;:JL&C^a=%8MNZCT8MLJ:!9RDL9:JGZﬁl`8=EDCFIﬃNH8[C7GZ:_\uR	8=NZ8=:

Ep8=<	8dNH8;ES:
4VUXUo2
G
U 
RS8
U
>@8ﬃEC7L3CTESI-G
4
I-G	NH8ML
8;WX>;C7>;GZ:u`8MLIJ8MNOCF:JGHf78ML3<	8=L]`8MNZ8M>@:JG
4VU
a
1
8ML_EDI
476
C
6
GZNOGH:u`8MLj<
2
`8;:JGZ\uRS8;:JCFr78cL
4VU
:3I-8;E
4
I-:u`8;8ML<SC
U
L3NZCTEDCFIJ:JGH8@(]a

a 3]a
ﬃNZNH8ML=L
4VU
:z<S8YN
254
I-<SIJ8?<	8

a)(
l
E
4
R	IdNZ8ML998;:JLz<	8bLJCMf78MRSIcN`8;r	q8;IJ808;:cfCFI-GZ8
U
:=8
U
:9IJ8(
l
8;:

(
l
E
4
R	IcNH8ML

7~
	
V (]a 3
 
+

/ / ' 


2' ,

%#0ﬀ/ %4' ) 0

0

2 /
4   -
0ﬀ/@'


+
1
/ %

/ +
ﬁ4
0

0
 
2' ,

%#0ﬀ/ 0 0

0

0

2 /



"

0

ﬁ ,


2' ,

%&0 +

/

 0
1C
%#0ﬀ/ .0 2 / 0.2 %&0 +-0
1=D 1
+ 2'

+ '

' 2$0)

 .0 2 +60
4
0

*
1 
%

/ ,
1 4
-
0ﬀ/ﬀ2

, 20
 

+ ,

/
.1
0 '


+
1
2ﬁ0
 
+
1
/ + 0ﬀ/  .0 2 /%#0
 1ﬀ

  0ﬀ/  0.2 / + ,
1C
%*/ *
6
h
6
,
1
>
h
> -
' / /
1
/)%&0
4
+
1
,

/
*
4
+
1
,

	
/

+ ' 2 2'
#4
-
0.2

0

,

/ 2
 1
' 2 / 0
 1 
/ 0
1
+ .0 2/ ,

2

,	2$0ﬀ/ *
'
h
'-
,
1
*

h

-





" 


~
98;:JL



98;:JL



98;:JL



 

  

   
6
h
6 6
h
6 6
h
6


>
h
>

>
h
>
 
>
h
>



"
6
h
6
#

"
6
h
6
#


"
6
h
6
#
 

"
6
h
6
#
  

"
>
h
>
#

"
>
h
>
#


"
>
h
>
#
 

"
>
h
>
#
  

>

>3

>3 

>3  
	

V(]a
?f 
,
 
,*/ ' 2' ,
F
0 +

2'  0 %&0 /@%' ) 0

0

2 /
P
,

0ﬀ/ /
1
/


)

"
 <
0 / +
 P
0 /0 + 0

2' ,

  0 /
'


0

2' 2
1
%&0ﬀ/ / ,

2%/ ,

'
4
'

0 / 2

2'ﬃ/ﬀ2'
 1
0)
d3I
4
>@8ML-LJRSL



98;:


~
98;:JL



98;:JL



98;:JL
6
h
6
"
ﬀs
~7 ﬃF
s


#
l
"
~
s

(
ﬃ3
s
~

#
l
"
~
s

uﬃF
sZ
3
#
l

>
h
>
"
ﬀs
3
Y
ﬃF
sZ
~
#
l
"
~
s
Y
0ﬃ3
s

?
#
l
"

s
7uﬃF
s
~
Y
#
l

"
6
h
6
#
"

s
43
ﬃF
s
V
#
l
"
ﬀs

3
ﬃF
s

Y
#
l
"
~
s
V ﬃ3
sZ
(
#
l
"
~
s
Y
Y
ﬃF
s
~
#
l

"
>
h
>
#
"
ﬀs
~7 ﬃF
s

(
#
l
"
~
s
~
3
ﬃF
sZ
(
#
l
"

s


ﬃ3
s
~
#
l
"
(
s

3
ﬃF
s
(

#
l

>
"

s


ﬃF
sZ

#
l
"
3
s
~
(
ﬃF
s
 
#
l
"

s
Y
 ﬃ3
s


#
l
"

s
ﬀ0ﬃF
s
~7
#
l

 
"
Y

s
(
uﬃF
s
~ﬀ
#
l
"

?QsZ
uﬃF
s ?

#
l
"


s
Y43
ﬃ
ﬀsZ
~
#
l
"


s

3
ﬃF
s
3

#
l
98;:JL=<	8?LJCmf78MR	ITN
4
R	I-<	87a

U
8TPv`8;:JB
4
<	8?C7NH:98;I
U
CF:JGZf78T>
4VU
LJGZL9:98XqC0PQ8MLJR	I-8;INH8MLl8;W>;C7>;GH:u`8ML=<
2
`8;:JGZ\]R	8;:JCFr78qCbEDCFIJ:JGHI[<	8MLl<
4VUDU
`8;8ML;a
%8;:9:98sP`8;:JB
4
<	8
U
8yIJ8;E
4
L98EDC7L0LJR	I0R
U
 I-C7>@:JG
4VUSU
8MPQ8
U
:Q<	8ML{`8;f_`8
U
8MPQ8
U
:JLgL98MN
4VU
NOCŁLJCmf78MR	Ig<	8ML 98;:JL;e
4
RvLJR	IANH8ML?8;WX>;C7>;GH:u`8MLQ<
2
`8;:JGZ\]R	8;:JCFr788MLJ:JGZPv`8;8MLYL-R	IANZCxL-GZPYRDNZCF:JG
4VU
a&
U
IJ8;fFC
U
>-B	87e 8MNZNH8XL-R	ESE
4
L98Q\uRS8XNZC
>
4
PQE
4
LJGZ:JG
4VU
8
U
LJCMf78MR	IkL_<SC
U
LNH8MLj<
4VUDU
`8;8ML_PYRDNH:JG 98;:JL 8MLJ:_NZCTP8MPQ8d\]R	8[<SC
U
LjNH8MLY`8;f_`8
U
8MPQ8
U
:JL

 98;:JL;e
E
4
R	IX>kBSC7\]R	8ŁG
U
:98;IJfFC7NZNH8x<	8


8;:y<	8xEDL98MRD<
4
B I-CFEDGZ<DGH:u`8x<	8ML 98;:JL;a
1
C{P`8;:JB
4
<	8Ł8ML9:<`8M>@I-GZ:98t<SC
U
LgNZC
EDCFI-:JGH8 (]a)]a

a+ﬃNZNH8K<
4VUSU
8?<S8ML[I]`8MLJRSNH:JCF:JLz>
4
PQEDCF:JG
6
NH8ML[CMf78M>bNZC0ESI
4
>D`8M<SR	IJ8?<`8M>@IkGH:98A>;G B <	8ML-LJRSL;a
b   9> 

*	 d (+*	
 
 


  -
1
CxESI
4
<SRD>@:JG
4VU
<
2
R
U6p4
L
4VU
!j"
 
h

#
C7>;>
4
PQEDCFr
U
`8x<	8 98;:JLY>
4VU
LJ:JGH:JR	8yR
U

4VU
<E
4
R	IbN
2
`8;:JRS<	8y<	8


"
:
h
:
#
>;CFIKGZNZLdE
4
L-L@q8M<	8
U
:KR
U
8YLJGHr
U
CF:JR	IJ8YL-GZPgGZNZC7GZIJ8?PgC7NHr7I^`8QNZCXESI]`8ML98
U
>@8Q<	80<	8MRCN|NH8;ED:
4VU
Ls`8
U
8;I-r `8;:JGO\uR	8ML
8;:lN
2
C
6
L98
U
>@8c<
2
R
U
8zGZPgE
4
I-:JC
U
:98x`8
U
8;IJrVGH8T:9I-C
U
LJf78;I-L98TPgC
U
\]RSC
U
:987a 
U
8 p8;:;eSR
U
<S8ML<S8MRCNNH8;ES:
4VU
L3Ep8MR	:
`8M>-BDCFESEp8;I?qCYN
2
C7>;>@8;ES:JC
U
>@8K<SR<`8;:98M>@:98MR	I
4
RL98TLJR	Ep8;IJE
4
L98;IcqCYR
U
98;:;a
1
8MLQ`8;f_`8
U
8MPQ8
U
:JL
!j"

 
#

"  
4VU
:cR
U
8bL-GHr
U
CF:JR	IJ8YESI
4
>-B	80<SRtLJGHr
U
C7N <SC
U
LcNH80>;C7L
4
qRR
U
NZ8;ES:
4VU
ŁL980<`8MLJG
U
:@q8;r7IJ8gNH8;ES:
4VU
GZ\uRS8MPQ8
U
:z8;:
N
2
C7RS:9IJ8BDC7<	I
4VU
GZ\]R	8MPQ8
U
:;a
132
`8
U
8;IJrVGH8s:9I-C
U
L9f78;I-L98yPgC
U
\]RSC
U
:98y<DC
U
L0NH8ML`8;f_`8
U
8MPQ8
U
:JL
!j"
 
h

#
 
"  
Ep8MR	:_Cmf
4
GHIﬃE
4
R	I
4
I-GHrVG
U
8=NZ8ML_<ﬃ`8MLJG
U
:u`8;r7I-CF:JG
4VU
LlNH8;ES:
4VU
GZ\uRS8ML_<	8ML3NZ8;ES:
4VU
L X8;:ﬃ<	8MLi8;:JLﬃ<	8dLJCmf78MR	IN
4
R	I-<	87e
NZCzEp8;IJ:98[B
4
I-L<	8[N
2
C7>;>@8;ES:JC
U
>@8=<
2
R
U
NH8;ES:
4VU
8;:j8
U
ﬁ
U
8;:9IJ8[8
U
r78
U
<	I]`8;8=CFIJ:JGZﬁD>;GZ8MNZNH8MPQ8
U
: N
4
IkL <S8lNOCzI-8M>
4VU
LB
:9I-RD>@:JG
4VU
8;:dN
2
GZ<S8
U
:JGZﬁ>;CF:JG
4VU
<	8ML
476
98;:JL;a!ﬃ
U
<DGZL9:JG
U
rVRS8T<DC
U
L[NZCQLJRSGZ:98?NH8ML[<	8MRCNy
4VU
<SL
!j"

" "
#

"  
8;:
!j"

A A 

 
#

"  
a
1
8ML_ESI
4
>@8MLJL-RSL
!j"

" "
#
 
"  
U
8zL
4VU
:ﬃEDC7L_EDI-GZLj8
U
>
4
PQES:98dE
4
R	IﬃN
2
C
U
C7N

L98[8
U
IkC7GZL
4VU
<	8cNZCTC7G
6
NH8

7
>4VU
:JC7PgG
U
CF:JG
4VU
CF:9:98
U
<SRS87a$
U
8 8;:;e E
4
R	I8;:9IJ8ESI]`8MLu`8MNH8M>@:JG
4VUSU
`8MLMe>@8ML`8;f_`8
U
8MPg8
U
:JLQ<
4
GZf78
U
:bLJCF:JGZL9C7GHIJ8
NH8x>@IkGH:@q8;IJ8ŁLJRSIgNH8xf_`8;:
4
>
4VU
:9IJ8ŁR
U
<S8MRCN^G}q8MPg8|NH8;ES:
4VU
`8
U
8;IJr `8;:JGZ\uRS8|8;:GOL
4
Nk`87a.%8MNZC8ML9:gE
4
LJLJG
6
NH8L-G=R
U
<	8ML`8MNZ8M>@:9I
4VU
LcL98ALJR	Ep8;IJE
4
L98gqCgR
U
i8;:;e
4
RŁLJGoR
U
<S8ML`8MNH8M>@:9I
4VU
Ls`8M>-BSCFEDE8yqCgN
2
C7>;>@8;ES:JC
U
>@8b<SRx<`8;:98M>@:98MR	Ima

U
LJRSGH:987eE
4
R	I\uR	8[NH8MLY`8;f_`8
U
8MPQ8
U
:JL
!j"

" "
#
 
"
L
4
GZ8
U
:A`8;:JGZ\]R	8;:u`8ML_8;:_L]`8MNH8M>@:JG
4VUDU
`8ML;e GZNu8ML9:
U
`8M>@8MLJLJC7GZIJ8
<	8T:9I
4
RSf78;IzR
U
PbR
4VU
IJ8M>
4VU
LJ:9I-RSGH:[<SC
U
LdNH8K>x
4VU
8A<
2
R
U
98;:;a NZCQ<SGd`8;IJ8
U
>@8?<	8ML[EDI
4
>@8ML-LJRSL
!j"

A A
#


"
e3N
2
8 8;:X<
4
PgG
U
C
U
:QE
4
R	I`8;:JGZ\]R	8;:98;INZ8 i8;:
U
8xEp8MR	:QEDC7L 8;:9IJ8tLJCLJRSE8;I-E
4
L-GH:JG
4VU
CMf78M>tR
U
PbR
4VU
a
132
8;WX>;C7>;GH:u`8s<
2
`8;:JGZ\uRS8;:JCFr788MLJ:b<
4VU
>gEDNZRDLKC7G
6
NH8 /

a
 l
EDCFI 98;:;a%8MLY8ML9:JGZPXCF:JG
4VU
LA>
4VU
<SRSGZL98
U
:qCtR
U
8
ESI
4
E
4
I-:JG
4VU
<
2
`8;f_`8
U
8MPQ8
U
:JL
!j"

" "
#
 
"  
<SC
U
L|NH8>;C
U
C7N
"
 


"  
<	8

a
?
l
a@%8ML|>kBSGpIJ8ML
Ep8;I-PQ8;:9:98
U
:A<	8>
4VU
>;NZR	IJ8\uR	8>@8X
4VU
<Ep8MR	: 8;:9IJ8
U
`8;rVNZGHr `8<DC
U
L?N
2
C
U
C7N

L987a

N
U
8XL98;I-C|EDNZRSLK>
4VU
L-GZ<ﬃ`8;I]`8
EDCFI=NOCQLJRSGH:987a
%
4VU
>@8;I
U
C
U
: NZ8ML?`8;f_`8
U
8MPQ8
U
:JL
!j"

A A 

 
#
 
"
eFNOCzLJGZ:JRSCF:JG
4VU
8ML9:j<SGd`8;I-8
U
:987a
1_2
GO<	8
U
:JG ﬁD>;CF:JG
4VU
<	8#98;:JL
6
8MC7RnN<SC
U
L>@8ML`8;f_`8
U
8MPg8
U
:JLdE8MRS:Cmf
4
GHI[:9I
4
GZL
4
I-GHrVG
U
8ML/	<SC
U
LﬃNH8TESI-8MPgGH8;Il>;C7L;e	NH8 98;:lESI
4
f]GH8
U
:
8 p8M>@:JGHf78MPQ8
U
:d<
2
R
U
\]RSCFIﬀ
6s4
Rs>K\uRSGpL98K<`8MLJG
U
:;q8;r7IJ8bL98MPgGZNH8;ED:
4VU
GZ\]R	8MPQ8
U
:
"
<SC
U
L[NH8K<	8MRCN	Gq8MPQ8K>;C7L;eSNH8
98;:ﬃ8MLJ:<	8TLJCmf78MR	I[Nk`8;r^q8;I-87eS8;:[NZC?IJ8M>
4VU
L9:9I-RS>@:JG
4VU
<
2
R
U
PbR
4VU
<SC
U
LNH8z>x
4VU
8K<SR i8;:l8ML9:l<SR	8QqC0NZC?ESI^`8MLJ8
U
>@8
<	8[P`8ML
4VU
L_>-BSCFI-r `8MLQ`8
U
8;IJr `8;:JGZ\]R	8ML
"! 
e " 
#
L98[<ﬃ`8MLJG
U
:u`8;r7I-C
U
:ﬃ8
U
PbR
4VU
L;e
4
R|qCK<	8ML8 p8;:JL_<	8=<`8;:98M>@:98MR	I
"
8
U
ﬁ
U
en<SC
U
L?NZ8X<	8;I
U
GZ8;I?>;C7L;e NH8 i8;:bL98XLJR	Ep8;IJE
4
L98|qCŁR
U
<	8ML?PbR
4VU
LAESI
4
f78
U
C
U
:b<SR ﬁ a%8;:9:98<	8;I
U
Gq8;IJ8
E
4
LJLJG
6
GZNZGH:]`8z8ML9:d<
4
PgG
U
C
U
:98KE
4
R	I=NZ8ML[ESI
4
>@8MLJLJRSL
!

"
<SC
U
L[NH8?>;C
U
C7N A  i8;:JLMa

8XP 8MPg8X\uRS8gNH8MLTESI
4
>@8MLJLJRSL

 i8;:JL;e NH8MLŁ`8;f_`8
U
8MPg8
U
:JL ﬁ  98;:JL?L
4VU
:?r `8
U
`8;I^`8MLQCMf78M>HtMvxwy'z{/
4VU
LJRSESE
4
L98\uR	8NH8MRSIx>;G
U
`8MPgCF:JGZ\]R	88ML9:x>
4
IJI-8M>@:98MPQ8
U
:t<ﬃ`8M>@I-GH:98{PXC7GZLsR
U
8IJ8
U	4
IkPgC7NZGZLJCF:JG
4VU
rVN
476
C7NH8
8ML9:
U
`8M>@8MLJLJC7GHIJ87a
1
8:JC
6
NH8MC7R (]a) <
4VUSU
8NH8MLxLJ8M>@:JG
4VU
Lx8;W>;C7>@8ML

~
R	:JGZNZGZL]`8;8MLxE
4
RSIxN
2
C
U
C7N

L98
"
E
4
R	I
P
E

(
G
8ﬃﬂ

>

#
a
1
C0IJ8
U	4
I-PgC7NOGZLJCF:JG
4VU
<	8ML[L98M>@:JG
4VU
Ll8;WX>;C7>@8ML ﬁ% i8;:JL[LJ8KC7GH:[<SGZIJ8M>@:98MPQ8
U
:YqCYECFIJ:JGHI
<	8MLd<
4VUSU
`8;8ML;eS8
U
L98
6
C7LJC
U
:dLJRSI=NZCQ<SGZL9:9IkG
6
R	:JG
4VU
8
U
PgC7L-L98?G
U
fCFI-GOC
U
:98?<SGZB PYR
4VU
L;a
	

V[(]a)
 
0

2' ,

/ 0




0ﬀ/+%&0 /
", 1
' 2 /,%#0 ﬁ ,

% !
 
"
4
0

0

0ﬀ/
Cﬀ
tMvQwyz{
  0ﬀ/
  
,

2 /
%/ 0
/",

-
0

0

2
1
2'ﬃ+ ' /0ﬀ/ %
ﬂ
/ +  
P
+ﬂﬁ*/.0 / ,

2 0
4x
+ 0

0

2

0

2' ,
 
0ﬀ/ 
ESI
4
>@8MLJL-RSL 

%
"
E
6
#
dCFEDE
4
I-:JL[<
2
8MP
6
I-C
U
>-BS8MPQ8
U
:
>;C
U
C7N ?i8#98;:JL&C >;C
U
C7N2?BA$#98;:JL&C
ﬁ

ﬃ
 

A A #



a 3

B B
ﬁ

ﬃ 

A A # 

3]a

( B B
ﬁ

ﬃ
 

A A #  


a 3

B B
ﬁ

ﬃ
 

  #



a 3
 
a
7~
(
 
a

?]
ﬁ

ﬃ 

  # 

3]a

(

a
7~
(
 
a

?]
1
CEDI
4
>`8M<SRSIJ8g<	8g>;C7NZ>;RSN<SRC7>@:98MR	IA<S8QIJ8
U	4
I-PgC7NOGZLJCF:JG
4VU
E
4
R	IKR
U
8QPbRSNH:JGHEDNOGZ>;GH:u`8A8
U
98;:JL?<
4VUDU
`8;8Q8ML9:
C7N
4
IkLcNOCLJRDGHfC
U
:987a ﬃ
U
>
4VU
LJGZ<oq8;IJ80<	8MLT8
U
LJ8MP
6
NZ8MLz<
2
`8;f_`8
U
8MPQ8
U
:JLA8WN	>;NZRSLJGZLdE
4
RSIcNZCPQ8MLJRSIJ87eo<SC
U
LcNH8MLB
\]R	8MNZLTNH8ML#98;:JLTIJ8M>
4VU
L9:9I-RDGH:JLKL
4VU
:TC7L-L
4
>;G`8MLAC7RCNtBSC7<SI
4VU
Lcr `8
U
`8;I]`8ML;a ^8MRSNZLTNH8ML|`8;f_`8
U
8MPg8
U
:JLY\uRSG
4VU
:?R
U
8
PbRSNH:JGHENZGZ>;GH:]`8T8
U
98;:JLz8WN^C7>@:98MPQ8
U
:Ł`8;rVC7NH8xqCX>@8MNZNH8A8
U
EDCFI-:
4VU
L=r `8
U
`8;I^`8MLAL
4VU
:zrVCFI-<ﬃ`8MLcE
4
RSIdN
2
C
U
C7N

L987a-
U
B
LJRDGH:987e
4VU
CFESEDNZGO\uR	80NZCyESI
4
>`8M<SR	I-8g<	8QESI^`8ML]`8MNH8M>@:JG
4VU
>
4VU
>@8;I
U
C
U
:ANZ8g<ﬃ`8M>;NH8
U
>-BS8MPQ8
U
:A8;:ANZCsL]`8MNH8M>@:JG
4VU
<SR
PbR
4VU
$
+-,.,*/ 0
(
<	8YN
2
`8;f_`8
U
8MPQ8
U
:;a
1
CPgC7LJL98bG
U
fCFI-GOC
U
:98Y8ML9:cC7N
4
I-Lz>;C7NO>;RSNk`8;8QPfp(psCMf78M>0NH8bPYR
4VU
$
+ ,., / 0
(
<	8yN
2
`8;f_`8
U
8MPQ8
U
:Q8;:0:
4
RSLQNZ8MLYC7R	:9I-8MLQPYR
4VU
LYGZL
4
Nk`8ML
"

"
98;:=A
#


s
(
#
<S8N
2
`8;f_`8
U
8MPQ8
U
:XLJCF:JGZL9C7GZLJC
U
:
NH8MLd>@I-GH:@q8;IJ8MLc<
2
GZ<	8
U
:JGZﬁD>;CF:JG
4VU
a
1
8
US4
P
6
I-8A<	8
6p4
L
4VU
L ﬁC7RŁf
4
GZLJG
U
CFr78Y<SRsEDGZ>A<	8APgC7LJLJ8

p(py8ML9:dC7N
4
I-L
>;C7NZ>;RDNk`80<DC
U
LTNH8MLT<
4VUSU
`8;8MLT8;:?<SC
U
LcNZCyLJGZPbRSNZCF:JG
4VU
a
1
C
4VU
>@:JG
4VU
<
2
CJRSL9:98MPg8
U
:KR	:JGZNOGZLu`8;8Y8MLJ:TR
U
80rVC7RSLB
LJGZ8
USU
8d\]RSGD<`8M>@IkGH:NOC?I^`8ML
4
NZRS:JG
4VU
<DR<`8;:98M>@:98MR	Ime^>
4VU
f
4
NZR`8;8qCbR
U
8z
4VU
>@:JG
4VU
(&
0 ' 2
	
'
4 
0
 (
<	8cNOCFIJr78MR	I


 69< ;
h
# 8
'
;

o
~
s
(
G
8ﬃﬂ E
4
R	IQNH8sLJGHr
U
C7Nﬃ8;:gR
U
88WN^E
4VU
8
U
:JGH8MNONH8<`8M>@I
4
GZLJLJC
U
:98xE
4
R	I0NH8y
4VU
<na8
U
ﬁ
U
e
4VU
>;C7NZ>;RDNH8sNH8yC7>@:98MR	I<	8
U	4
I-PgC7NOGZLJCF:JG
4VU
e<`8,ﬁ
U
G[>
4
PXPQ8xNH8yI-CFESE
4
IJ:Q<SR
U	4
P
6
IJ8s<	8
6p4
L
4VU
ﬁ<DC
U
LQNH8ML
<
4VUDU
`8;8MLz8;:K<SC
U
LcNOCLJGOPYRSNOCF:JG
4VU
/

rT-
m
h#j j
;);

 
-
1

E
4
R	ITR
U
8bNZRSPgG
US4
LJGH:u`8`8M\]RSGHfFC7NH8
U
:987a ﬃ
U
Ep8MR	:
C7N
4
IkL3PbRSNH:JGHEDNOGH8;IjNH8
U	4
P
6
IJ8c<
2
`8;f_`8
U
8MPg8
U
:JL
!
 
"
EDCFIlNH8=C7>@:98MR	I<S8
U	4
I-PXC7NZGZLJCF:JG
4VU
>
4
IJIJ8ML9E
4VU
<SC
U
:;e
E
4
R	I[NZC0PbRSNH:JGHEDNOGZ>;GH:u`8d8
U
98;:JL=>
4VU
L-GZ<ﬃ`8;I]`8;87a
1
8ML=I]`8MLJRSNH:JCF:JL=<S8?>@8;:9:98
U	4
I-PgC7NOGZLJCF:JG
4VU
LJR	I[NH8ML[<
4VUSU
`8;8ML=L
4VU
:
ESI^`8MLJ8
U
:]`8ML[<SC
U
LﬃNH8=:JC
6
NZ8MC7RH(]a)Y]a
1
8ML3fC7NH8MRSI-L3<	8

476
:98
U
RS8ML3EDCFIl>@8;:9:98TPv`8;:JB
4
<S8cL
4VU
:ﬃ>
4VU

4
I-Pg8MLﬃC7RCN
>
4
8;WX>;GH8
U
:JL0<	8XIJ8
US4
I-PgC7NZGZL-CF:JG
4VU

,
% 
r 

,
% 



%
>;C7NZ>;RSN`8MLb<SC
U
LbNH8>;C7<	IJ8y<	8>;C7NZ>;RDNZL
 

~
EDCFI

	D 
_`(

a
E
4
R	IK<	8MLT>
4
R	ER	IJ8MLTEDCFIJ:
4VU
GZ\uRS8MLcGO<	8
U
:JGO\uR	8MLQqCs>@8MNZNH8MLTR	:JGONZGZL]`8;8MLT<SC
U
LKNZCyLJGOPYRSNOCF:JG
4VU
a
1
8ML
P 8MPQ8MLdC7>@:98MRSI-L

L
4VU
:dCFESEDNZGO\uR`8ML[C7RCN`8;f_`8
U
8MPQ8
U
:JL
!j"

A A
#

"
8;:
!Ł"

 
#

"  
a
	

VK(]a)Y
  
,
 nﬀ
' / ,

%#0ﬀ/ ﬁ


230
1=
/
"

0ﬀ/
1C
0 / 0 2


+

1
+60ﬀ/
Cﬀ 
	D 
  0ﬀ/ 

+-0
1=
/ / ,

2

,
-
0

0

230ﬀ/ 0

2

0 0 +ﬃ+ 0ﬀ/
[ 1
'


0

2' 2
1
%#0ﬀ/ / 2

2' / 2'
.1
0ﬀ/
<
0ﬀ/ 
*|RSNZ:JGHEDNZGZ>;GZ:u`8c8
U
98;:JL

~


"Pg8MLJR	I^`8

a
 ~Vﬃ 
a

(

a
~

ﬃ 
a

Y

a)Y
?
ﬃ 
a


"  >;C7NZ>;RSN`8?EDCFI

	D 

a


ﬃ0
a

 
a

xﬃ6
a


1
C0ﬁSrVR	IJ8(]a

a
7
P
4VU
:9IJ8dNZCK<SGOL9:9I-G
6
RS:JG
4VU
P p(pY<DC
U
LjNH8ML_<
4VUDU
`8;8ML_8;:3NZCKL-GZPYRDNZCF:JG
4VU
eFC7R
U
GHf78MC7RX<	8=NZC
ESI^`8ML]`8MNZ8M>@:JG
4VU
$
2'
4 -
2
(
a
1
8MLjC7>@:98MRSI-L_<	8[IJ8
US4
I-PgC7NZGZL-CF:JG
4VU
ESI]`8M>D`8M<	8MPgPQ8
U
:ﬃ>;C7NZ>;RDNk`8ML3L
4VU
:jESI-GZL 8
U
>
4
PgES:987a
1
Cy
4
I-Pg80<S8ML?<SGZL9:9IkG
6
R	:JG
4VU
L=8;:ANZC
U	4
IkPgC7NZGZLJCF:JG
4VU
L
4VU
:A>
4
I-IJ8M>@:98ML;a
1
8MLK8;WX>;C7>;GH:]`8MLb<	8QESI^`8ML]`8MNH8M>@:JG
4VU
8;:
<
2
`8;:JGZ\]R	8;:JCFr78L
4VU
:
6
C7Lu`8;8MLŁL-R	IxNZCLJGZPbRSNZCF:JG
4VU
8;:ŁL
4VU
:|I]`8MLJRSP`8;8MLt<SC
U
LsNZC EDCFI-:JGH8U(]a

a 3]a ﬃNZNH8MLyL
4VU
:
IJ8MLJE8M>@:JGZf78MPQ8
U
:z<	8?N
254
I-<	I-8T<S8
 l
"
E
4
R	I=NZC0ESI^`8ML]`8MNZ8M>@:JG
4VU
#
8;:

(
l
"
E
4
R	I=N
2
`8;:JGZ\]R	8;:JCFr78
#
a
b     

*	 d (+*	
 
 



 







1
CŁL-GHr
U
CF:JR	IJ8IJ8M>-BS8;I->-B`8;8sEp8MR	:V8;:9IJ8yESI
4
<SRSGH:98gECFIb<	8MLv`8;f_`8
U
8MPQ8
U
:JLg<SG
6p4
L
4VU
L
ﬂ
e

ﬁ 8;: ﬁ&ﬁ
<SC
U
LbNZ8MLg>;C
U
C7RCN LJRSGHfFC
U
:JL/
  
"
N 


#
"
 
#
e

ﬁ

"
N


#
"
 
#
e

ﬁ

"
 
#
"
N
h
N
#
8;: ﬁ&ﬁ

"
 
#
"
N
h
N
#
a
1
8ML

;
8;:

;
98;:JL|LJRSESEDN`8MPQ8
U
:JC7GHIJ8MLyESI
4
f^GH8
USU
8
U
:s<	8MLsI-C7<SGOCF:JG
4VU
Ls<	8ML`8;:JCF:JLtG
U
GH:JGOC7Nd8;: ﬁ
U
C7N}aﬁd
4
R	I
NH8sEDI
4
>@8ML-LJRSL ﬁ&ﬁ

"
 
#
"
N
h
N
#
eNZCIJ8M>
4VU
L9:9IkRS>@:JG
4VU
<
2
R
U
8+`8
U
8;IJrVGH8Ł:9I-C
U
L9f78;IkL98|PgC
U
\]RSC
U
:98|GZPQE
4
IJ:JC
U
:98
ESI
4
f^GH8
U
:c<	8MLT<ﬃ`8MLJG
U
:u`8;r7I-CF:JG
4VU
LKNH8;ED:
4VU
GZ\]R	8MLd<	8MLcNH8;ES:
4VU
L pep<	8MLT<ﬃ`8MLJG
U
:u`8;r7I-CF:JG
4VU
LKL98MPXGZNH8;ES:
4VU
GO\uR	8MLd<	8ML
98;:JL;e<S8MLdEp8;IJ:98MLz<	8YNH8;ED:
4VU
LdB
4
IkLzC7>;>@8;ES:JC
U
>@87e8;:T<	8MLd8 8;:JLT<	8bNZCQIJ8M>
4VU
LJ:9I-RS>@:JG
4VU
8;:c<
2
GZ<	8
U
:JGZﬁD>;CF:JG
4VU
<	8ML
476
i8;:JL;a
132
`8;:JGZ\uRS8;:JCFr78Ł<	8ML 98;:JLQ<SC
U
LQNH8MLv`8;f_`8
U
8MPQ8
U
:JL<SG
64
L
4VU
LbESI
4
f^GH8
U
:08MLJL98
U
:JGH8MNZNH8MPQ8
U
:Q<	8sNZC
LJRSE8;I-E
4
L-GH:JG
4VU
<
2
R
U
i8;:zCMf78M>bR
U
fuIkC7GnPYR
4VU
GZLJLJRs<S8ML
6p4
L
4VU
L
 4
Rﬁ a
1
8MLv`8;f_`8
U
8MPQ8
U
:JLyL
4VU
:QESI
4
<SRSGH:JLbEDCFIVtMvQwyz{8;:gNZCL98M>@:JG
4VU
8;W>;C7>@8|8ML9:X>
4
I-I-GHr `8;8|EDCFIgNZ8MLQC7>@:98MRSI-L
:JB`8
4
I-GO\uR	8ML
,
% 
a
1
8s:JC
6
NZ8MC7R (]a


P
4VU
:9IJ8xNH8MLQL98M>@:JG
4VU
LQ8;WX>;C7>@8ML<	8x>@8MLQESI
4
>@8MLJLJRDLQC7G
U
LJGl\]R	8xNH8ML
I-CFEDE
4
I-:JLo<
2
8MP
6
I-C
U
>-BS8MPQ8
U
: R	:JGZNZGOLu`8MLo<SC
U
LnN
2
C
U
C7N

LJ87a
1
8MLoEDI
476
C
6
GZNOGH:u`8MLn<	8jESI^`8ML]`8MNH8M>@:JG
4VU
8;: <
2
`8;:JGZ\uRS8;:JCFr78
L
4VU
:=8ML9:JGOPv`8;8MLbqCQEDCFI-:JGHI=<	8?NZCQLJGOPYRSNOCF:JG
4VU
8;:dL
4VU
:=I^`8MLJRSP`8;8MLc<SC
U
L[NOC0EDCFIJ:JGH8D(]a

a 3]a
b   :b 

*	 d (+*	
 
 



(
 ,
  (

* 

1
8ML0ESI
4
>@8MLJLJRSLb<	8
6
I-RDGH:JLY<S8
4VU
< CMf78M>x\]RSCFIﬀv:
4
E L
4VU
:0NOCŁEDI
4
<DRS>@:JG
4VU
`8MNZ8M>@:9I
4
C7G
6
NH8
"
f
4
GH8MLQL/
:
6 
"
N
6
#
6
8;:Kf
4
GH8g:/o:J\
6 
"
N 
6
#

6
#
8;:YNZCESI
4
<SRS>@:JG
4VU
8
U
EDC7GZIJ8MLK<SC
U
LKNH8Q>;C
U
C7N3<SGZNH8;ES:
4VU
:
h
:

"
N
6
#
"
N 
6
#
aﬀ
U
8 8;:;eSNZCYESI^`8ML98
U
>@8?<SR\]RSCFIﬀ:
4
Es<SC
U
Ll>@8ML
6
I-RDGH:JL3<	8T
4VU
<yNH8MR	Il<
4VUSU
8T<	8MLESI
4
EDI-Gk`8;:u`8ML
LJGOPgGZNZC7GHI-8ML=C7RLJGHr
U
C7N a
1
CyPbRSNH:JGHENZGZ>;GH:]`8A8
U
98;:JLT8ML9:Ł`8MNH8;f_`8;8 /<	8MRnN i8;:JLK>@8
U
:9I-C7RCNt8;:Ł`8
U
8;IJr `8;:JGZ\]R	8ML?L
4VU
:
ESI
4
<SRDGH:JL<SC
U
L_>@8ML3ESI
4
>@8MLJLJRSL;eVC7RnN^\]R	8MNZL_L
2
C
4
R	:98
U
:ﬃNZ8ML_I-C7<SGOCF:JG
4VU
L;eFEDNZRDLjP
4
NZNH8MLj8
U
P
4
8
UDU
87e <SC
U
LﬃNH8ML


(
)2 (GeV/cµµM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
0
10
20
30
40
50  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.91
)2 (GeV/cµµM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
0
2
4
6
8
10
12
14
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.94
)2 (GeV/cµµM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
0
0.5
1
1.5
2
2.5
3
3.5
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
)2 (GeV/cµµM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.68
)2 (GeV/cµµM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
0
0.5
1
1.5
2
2.5
3
3.5
4
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 
qy (]a

a
7'P0	G4)/	 
"
n)4 ﬀﬃﬂ 	  
"#"
	$
"
 ﬀ	G	
"

3
ﬀﬀ/
" 
 
$ﬃﬀ/	 ﬂ
"
	0$ﬃ/0 
"#"
	
"
^ﬂ ﬀ 	G (ﬂ ﬀ
"


)
,
*$Dﬁ
"
$
" >"
	ﬀ)D/
3"
ﬀ1$
"
ﬂ ﬀT&/I 
"
	  
"
ﬂ
"8,
 
>.
#R 
" 
ﬀ
,./" 
ﬀ $Q
"ﬁ"
 $
"0.
ﬀ
"
*ﬀ)	

ﬂ
"
	
 ﬂ  &nﬂ 
,
 
"
	
"

#"
	0	4/+
"
	&
"G,

3"

"
/

?	
"
 ?PA
>"
	R
	

V(]a


  
0

2' ,

/ 0




0ﬀ/ﬀ%&0 /
P
,

0ﬀ/ /
1
/ %'
"
,*/ ,

/
4
0

0

0ﬀ/
Cﬀ
tMvQwyz{
  0ﬀ/ ﬁ


230
1C
/D%#0

,
	
 
+ ' /

2' ,

 

~
0 2 + 0ﬀ/
 
,

2 /%/ 0
/"W 

-
0

0

2
1
2'ﬃ+ ' /0ﬀ/ %

/ +! 
<
+ ﬁ*/ 0 / ,

2 0
4x
+-0

0

2

0

	
2' ,

0 /
ESI
4
>@8MLJLJRSL 

% 
"
E
6
#
>
4
IJI-8M>@:JG
4VU
-
1
ﬃ dCFESE
4
IJ:JL[<
2
8MP
6
I-C
U
>-B	8MPQ8
U
:
>;C
U
C7N ?i8#98;:JL&C >;C
U
C7N2?BA$i8;:JL&C
ﬂ 

 
~
a
F

a



a

Y
~


a

Y

~

ﬁ


 

a 3
 
a

(

a

Y
~


a

Y

~

ﬁ

 


 
a



a

(

a
7
?

a
 
Y

ﬁ&ﬁ

 


 
a

3

a
~


a
7
?

a
 
Y



3
`8;:JCF:JL?G
U
GH:JGZC7RCNy8;:0ﬁ
U
C7RCNpa]%8ML|`8;f_`8
U
8MPQ8
U
:JLYCMf78M>Q\]RSCFIﬀs:
4
EL
4VU
:TC7RSLJLJG >;CFI-C7>@:u`8;I-GZL]`8MLAEDCFIcNOCXESI^`8MLJ8
U
>@8
<
2
C7RP
4
G
U
L3R
U
i8;:
6
`8
U
8;IJr `8;:JGZ\]R	87a
1
8MR	I8;WX>;C7>;GH:]`8?<	8cESI^`8ML]`8MNH8M>@:JG
4VU
8MLJ:ﬃIJ8MNOCF:JGHf78MPQ8
U
:ﬃr7I-C
U
<	8
"
8
U
f^GHI
4VU
 l
#
8;:=8ML9:zNOGk`8;8qCgNH8MR	IzPYRSNZ:JGHEDNZGZ>;GZ:u`8T8
U
98;:JLcC7LJL98 `8MNH8;f_`8;8
"
8
U
:9IJ8b<	8MRCNy8;:d:9I
4
GZL9i8;:JLs`8
U
8;IJr `8;:JGZ\]R	8ML
#
a
1
C
>
4VU
:9I-G
6
RS:JG
4VU
<SRv>;C
U
C7NlBSC7<	I
4VU
GO\uR	8Q:ih:

"
 
6
#
"
 
6
#
8ML9:
U
`8;rVNZGZr78MC
6
NH88;:
Uo2
8MLJ:AEDC7LYESI-GZLJ8g8
U
>
4
PgES:98
<SC
U
LAN
2
C
U
C7N

L98c/ 8
U
8 p8;:;ejNZC|L98M>@:JG
4VU
8;W>;C7>@8E
4VU
<`8;I^`8;8yEDCFI0NZCŁESI
476
C
6
GZNZGH:]`8X<	8IJ8M>
4VU
L9:9IkRSGHIJ8R
U
98;:
`8
U
8;IJr `8;:JGZ\]R	8Q>
4
PgPQ80R
U
NH8;ES:
4VU
8ML9:c8
U
8 p8;:
U
`8;rVNZGHr78MC
6
NH8b<	8;fFC
U
:KNH8
U	4
P
6
IJ8Y<
2
`8;f_`8
U
8MPQ8
U
:JL?<	8YL-GHr
U
C7N
CF:9:98
U
<DRSL;a
	

V
(]a
7  
0

2' ,

/ 0




0 /%&0 /
<
,

0ﬀ/ /
1
/2%#0 ﬁ ,

% / '
#4
+-0 2,

0 2
:ih:
%

/ + 0

<
+7%' +-0

2,
 4
0

0

0 /
C

tjvQwy'z{
 0 /ﬁ


230
1C
/ﬀ%&0

,
  
+ 'ﬃ/

2' ,

 

~
0 2 + 0ﬀ/
  
,

2 / %/ 0
/",

-
0

0

2
1
2'ﬃ+ ' /0ﬀ/ %

/
+  
ﬂ<
+ ﬁ /.0 / ,

2 0
4x
+ 0

0

2

0

2' ,

0ﬀ/ 
ESI
4
>@8MLJLJRSL 

"
E
6
#
zCFESE
4
IJ:JL[<
2
8MP
6
I-C
U
>kB	8MPQ8
U
:
>;C
U
C7N ?i8#i8;:JL C >;C
U
C7N2?BA$#98;:JL&C
: h :

"
N
6
#
"
N
6
#


"
: h :
#
Pg8MLJR	I^`8;8

a
F
?
Y

a
F
?

:
6 


6S6 
a)


a

~
(
Y

a

~
(

:
6
\



6S6


a)Y


a

~
(
Y

a

~
(

1
8MLKL98M>@:JG
4VU
LT8;W>;C7>@8MLAR	:JGZNOGZLu`8;8MLcE
4
RSI|`8;fFC7NZR	8;I?NH8MLK>
4VU
:9I-G
6
R	:JG
4VU
LT<SRLJGHr
U
C7N :ih:KL98MPXGZNH8;ES:
4VU
GO\uR	8Y8;:
<SRx
4VU
<|:
h
:z<SGONH8;ES:
4VU
GZ\]R	8KCF:9:98
U
<SRS8MLzL
4VU
:zGO<	8
U
:JGO\uR	8MLMa
1
8Y:JC
6
NH8MC7Rc(]a
7
P
4VU
:9IJ80NH8MLdL98M>@:JG
4VU
L=8;WX>;C7>@8ML
<	80>@8MLKESI
4
>@8MLJL-RSLzC7G
U
LJG \uR	8QNH8MLcI-CFEDE
4
I-:JLc<
2
8MP
6
IkC
U
>-B	8MPg8
U
:KR	:JGZNOGZLu`8MLT<SC
U
LTN
2
C
U
C7N

L987a
1
8MLT8;WX>;C7>;GZ:u`8ML
<	8KEDI]`8MLu`8MNH8M>@:JG
4VU
8;:c<
2
`8;:JGZ\]R	8;:JCFr78YL
4VU
:=I^`8MLJRDPv`8;8MLz<SC
U
L=NZC0EDCFIJ:JGZ8D(]a

a 3]a
b    
,
(
,
=* 


I

 -,
*	

< 



1
8MLy:JC
6
NH8MC7RCN(]a

~
8;: (]a


<
4VUSU
8
U
:sNH8ML8;WX>;C7>;GH:]`8MLt<	8ESI]`8MLu`8MNH8M>@:JG
4VU
<S8ML
6
I-RSGH:JL<	8t
4VU
<ﬁB
4
I-L
ESI
4
>@8MLJL-RSLﬃPbRSNH:JG i8;:JL8;:

 98;:JLlE
4
R	INZ8ML<S8MRCN>;C
U
C7RCNy<
2
C
U
C7N

L987a
1
8MLl8;WX>;C7>;GZ:u`8MLz<	8TLu`8MNH8M>@:JG
4VU
E
4
R	I
NH8MLbESI
4
>@8MLJL-RSLQCMf78M>x\]RSCFIﬀv:
4
EwL
4VU
:QPgClN^GOPgC7NH8ML0E
4
R	IQ<	8ML{`8;f_`8
U
8MPg8
U
:JLqC<	8MRCN i8;:JL;e_<S8yN
254
I-<	IJ8y<	8

!l
a$
U
f]GHI
4VU{ l
<	8ML`8;f_`8
U
8MPQ8
U
:JL
/ '
#4
+-0 2,

L
4VU
:?ESI^`8ML]`8MNH8M>@:JG
4VUSU
`8ML0<SC
U
L?N
2
C
U
C7N

LJ87enE
4
R	IANZC7\]R	8MNZNH8
R
U
8_PYRSNZ:JGHEDNZGZ>;GZ:u`8jLJRSE`8;I-GH8MR	IJ8
4
R`8;rVC7NH8KqC=:9I
4
GZLn8MLJ:nIJ8M\]RSGZL987a
1
8MLT`8;f_`8
U
8MPQ8
U
:JL $&%('


)

eML
4VU
: >;CFI-C7>@:u`8;I-GZL]`8ML
EDCFI=R
U
8?PYRDNH:JGHEDNZGO>;GH:u`8zEDNORSLlC7G
6
NH8T8
U
98;:JL=IJ8M>
4VU
LJ:9I-RSGH:JL0/DN
2
8;WX>;C7>;GH:u`8Y<	8KEDI]`8MLu`8MNH8M>@:JG
4VU
8ML9:d<	8?N
254
Ik<	IJ8K<	8

a)(
l
a
1
8ML|`8;f_`8
U
8MPQ8
U
:JL
!j"

 
#
 
"
L
4VU
:KESI^`8ML]`8MNH8M>@:JG
4VUSU
`8ML?CMf78M>XR
U
8b8;WX>;C7>;GH:u`8X<	8

a
V~
(
l
E
4
R	I
NH8MLA<	8MRCN>;C
U
C7RCN<
2
C
U
C7N

L987a
1_2
8;WX>;C7>;GH:]`8y<	8gESI^`8ML]`8MNZ8M>@:JG
4VU
<	8ML`8;f_`8
U
8MPQ8
U
:JL
!j"

A A
#
 
"  
8MLJ:A<	8

a

(
l
E
4
RSI=NH8?>;C
U
C7N A 
"
a
1
8:JC
6
NH8MC7R (]a


ESI^`8ML98
U
:98dNH8ML ESI
476
C
6
GZNZGH:]`8ML<
2
`8;:JGZ\]R	8;:JCFr78d<	8ML
6
I-RSGH:JL <	8l
4VU
<oe7B
4
I-L ESI
4
>@8MLJLJRSLPbRSNH:JG 98;:JL
8;:

 98;:JL;eVE
4
R	IjNH8MLj<	8MRnNY>;C
U
C7RCNQ<
2
C
U
C7N

L987a
1
8[:JC
6
NH8MC7R (]a

(KP
4VU
:9IJ8=N
2
8;WX>;C7>;GZ:u`8c<
2
`8;:JGZ\]R	8;:JCFr78=E
4
R	I
NH8MLlEDI
4
>@8ML-LJRSL

 98;:JL;a
1
8ML3ESI
4
>@8MLJL-RSL3:ih:8
U
<SGZNH8;ED:
4VU
L
4VU
:R
U
8d8;WX>;C7>;GZ:u`8?<
2
`8;:JGO\uR	8;:JCFr78?L-R	E`8;I-GH8MR	I-80qCb>@8MNZNH8T<SRXLJGZr
U
C7N
"
~ﬀxﬃ

l
>
4VU
:9IJ8

3
ﬃ0
a
 l
#
EDCFINZC=EDI]`8ML98
U
>@8[<	8ML<	8MRCNA\]RSCFIﬀ^L '_PgC7GZL C7RSLJLJGoqCz>;C7RDL98<S8ML L-R	Ep8;IJE
4
LJGH:JG
4VU
Lp8
U
:9IJ8lR
U
PbR
4VU
8;:=R
U
i8;:;a

8?PgC
U
G}q8;I-8cr `8
U
`8;I-C7NZ87eNH8ML8;WX>;C7>;GH:]`8MLz<
2
`8;:JGZ\uRS8;:JCFr78YL
4VU
:[<	8KN
254
I-<	IJ8T<	8

(
l
E
4
R	I[NH8ML
ESI
4
>@8MLJL-RSL3Cmf78M>K\uRSCFI '
4
RCmf78M>KLJR	Ep8;IJE
4
LJGH:JG
4VU
<
2
R
U
98;:lCMf78M>KR
U
PYR
4VU
a
1
8ML38;WX>;C7>;GZ:u`8MLd<
2
`8;:JGZ\uRS8;:JCFr78
E
4
R	I[R
U
98;:dN`8;r78;Iz8ML9:d<
2
8
U
f]GZI
4VU 
a
 l
a


?
	
V(]a

~





' 20ﬀ%&0
P
0 /0 + 0

2' ,

%&0 /ﬁ ,

% /

0

#
 
,
1C
+ 0

ﬂ<
+
$
0(ﬃ! 0.2 /
(

ﬀ
,
1
/ + 0ﬀ/ ﬁ


230
1C
/

,
$
0

2' ﬁ / / ,

2
<
' / 0


,
 
230)  0ﬀ/ 0 0

0

0

2 / 

\
0 2   0.2 /
  C

'ﬃ/ /.0

2
1 
'
.1
0

0

2

2' 2

0@%#0

,
 Cﬀ 
' / ,

/ 0
1
+ / +-0 / 0 0

0

0

2 /2%#0
 1
+ 2'

+ '

' 20 /
1ﬁ
0

' 0
1=
0 ,
1
0
4x
+ 0 

2

,' / / ,

2
<
'ﬃ/ 0


,
 
230
%
ﬂ
/ +! 
<
+ﬂﬁ*/ 0ﬃ  0ﬀ/ '


0

2' 2
1
%&0ﬀ/ / ,

2 %/ ,

'
4
'

0 / 2

2' / 2'
.1
0)
XI-RDGH:JL[<	8?
4VU
<

i8;:
~
98;:JL

98;:JL 

98;:JL
: h :

NZN 3]a
?
 ﬃ0
a

~


a
?
3
ﬃu
a
? 
a)
?
ﬃ0
a

?

a

(43
ﬃ0
a
V~ﬀ
:
6
3]a
?
 ﬃ0
a

~


a
?
3
ﬃu
a
? 
a)
?
ﬃ0
a

?

a

(43
ﬃ0
a
V~ﬀ
:J\
6
3]a

3
ﬃ0
a
? 7
a
7
ﬃu
a
~7~ 
a

Y
ﬃ0
a

 
a)(
Y
~ ﬃ0
a

(
(
  
N  
?
a
Qﬃ0
a
~
3]a

?
ﬃ0
a
~7~ 
a
 
(
ﬃ0
a

3
 
a


Y
ﬃ0
a


Y

ﬁ

N  3]a)(
Qﬃ0
a
~7
?
a

3
ﬃ0
a
~
(

a

(
~ ﬃ0
a

3
 
a
V~
?
ﬃ0
a


3

ﬁ

 
  
a)
?
3
ﬃ0
a

(43

a

Y
ﬃ0
a

3

a
~
Y
 ﬃ0
a
V7 
a
V
3
ﬃ0
a

7
ﬁﬁ

 
 

a
FQﬃ0
a



a 3
~ ﬃ0
a

 
a



ﬃ0
a
F


a
V
?
ﬃ0
a


(
ﬁ




5
 

a

Y
 ﬃ0
a


3

a
V~

ﬃ0
a

V 
a

FQﬃ0
a



ﬁ




5


a

?
(
ﬃ0
a


(
	

Vn(]a



 



' 2$0 %&0
<
0 /0 +-0

2' ,

%&0 / ﬁ ,

%*/

0

#
 
,
1=
+ 0

ﬂ<
+
$A
ﬃ! .0 2 /
(

ﬀ
,
1
/ + 0ﬀ/ﬁ


230
1C
/

,
$
0

2' ﬁ / / ,

2
<
' / 0


,
 
230)  0ﬀ/ 0 0

0

0

2 / 

\
0 2   0.2 /
  C

'ﬃ/ /.0

2
1 
'
.1
0

0

2

2' 2

0@%#0

,
 Cﬀ 
' / ,

/ 0
1
+ / +-0 / 0 0

0

0

2 /2%#0
 1
+ 2'

+ '

' 20 /
1ﬁ
0

' 0
1=
0 ,
1
0
4x
+ 0 

2

,' / / ,

2
<
'ﬃ/ 0


,
 
230
%
ﬂ
/ +! 
<
+ﬂﬁ*/ 0ﬃ  0ﬀ/ '


0

2' 2
1
%&0ﬀ/ / ,

2 %/ ,

'
4
'

0 / 2

2' / 2'
.1
0)
XI-RSGH:JL[<	8K
4VU
<

98;:
~
i8;:JL

i8;:JL 

i8;:JL
:ih:

NZN  3]a
?
 ﬃ0
a

~


a
?
3
ﬃ0
a
? 
a)
?
ﬃ0
a

?

a

(43
ﬃu
a
V~ﬀ
:
6
(]a

3
ﬃ0
a

~

~
a)(

ﬃ0
a
? 
a)

ﬃ0
a

?

a



ﬃu
a
V~7~
:J\
6
(]a

3
ﬃ0
a
7 

a

?
ﬃ0
a

(

a

Y
ﬃ0
a

Y

a)(43
(
ﬃu
a
V
Y
ﬂ 
N 
?
a

Y
ﬃ0
a
~
(
?
a
Qﬃ0
a
~
(

a



ﬃ0
a

3
 
a


xﬃu
a




ﬁ

N  3]a
?
3
ﬃ0
a
~
Y]a


ﬃ0
a
~


a)(
?]
ﬃ0
a

?
 
a
V~
3
ﬃu
a


(

ﬁ

 
  
a
FQﬃ0
a
7

a)(

ﬃ0
a

~ 
a
~
3
(
ﬃ0
a
V7~ 
a

FQﬃu
a

F
ﬁ&ﬁ

 
  
a
~7~ ﬃ0
a
?

a
?
xﬃ0
a

Y

a)(
?
ﬃ0
a

?
~ 
a
Vﬀxﬃu
a



ﬁ




5
  

a

? ?
ﬃ0
a


(

a
V~ﬀxﬃ0
a

V 
a

V ﬃu
a



ﬁ




5
 

a

(
(
ﬃ0
a

F
ﬁ

A

A
5
   

a


Qﬃ0
a
V~


a



ﬃu
a



ﬁ

A

A
5
  

a 343

ﬃ0
a


Y
ﬁ

A

A
5
 

a
?]

ﬃ0
a



	

V'(]a







' 20 / %/ 0.2'
.1
0 2
.4
0 %&0 /
"Wﬀ1
' 2 / %&0 ﬁ ,

%

0

#

ﬀ
,
1
/ +-0 / ﬁ


230
1C
/

,
$
0

2' ﬁ / / ,

2
<
'ﬃ/ 0


,
 
230ﬃ  0 / '


0

2' 2
1
%#0ﬀ/ / ,

2 %/ ,

'
4
'

0 /ﬀ2

2' / 2'
.1
0ﬃ
d_I
4
>@8MLJL-RSL 8#98;:JL A$#98;:JL

98;:JL 

98;:JL

i8;:JL 

98;:JL
:ih:

NON
~ﬀ
a
xﬃ
 
Y
ﬃK~

]a
~ ﬃ

~ﬀxﬃK~
:
6


a
 ﬃ

a



a
xﬃ
(]a


]a
xﬃ

a)(
?
a
~ ﬃ
(]a
?
:J\
6

~
a
~ ﬃ

a

Y]a
~ ﬃK~
a 3


a
 ﬃ

a

7
a
?
ﬃK~
a
~
  
N 

a)

ﬃK
a

(


s


]a

ﬃc
a)(


s



ﬁ

N  Y]a
xﬃK
a)Y


s

 
a 3
?
ﬃ

a 3
(


s



ﬁ

 
 


s




s


3]a
 ﬃK
a



s


ﬁ&ﬁ

 
  
a


ﬃK~
a




s

 

a
xﬃ
(]a



s


ﬁ




5
  
~
a
~
?
ﬃ

a)Y



s



a

3
ﬃK~
a)Y43

a
~7 ﬃu
a
~
ﬁ

A

A
5
   


s




s

 

a)Y
ﬃ

a 3

]a
Qﬃc
a




	
V (]a

(





' 20 %/ 0 2'
 1
0 2
.4
0

0

#
 
,
1C
+ 0ﬀ/
<
,

0ﬀ/ /
1
/

 
"

ﬀ
,
1
/ + 0ﬀ/ ﬁ


230
1=
/

,
 
0

2' ﬁ /
/ ,

2
<
' / 0


,
 
230ﬃ+ 0ﬀ/ 0 0

0

0

2 /

\
0.2    0.2 /
  Cﬀ 
'ﬃ/ /.0

2
1 
'
.1
0

0

2 

2' 2

0 %&0

,
 Cﬀ 
'ﬃ/ ,


 0ﬀ/D'


0

2' 2
1
%#0ﬀ/ / ,

2%/ ,

'
4
'

0 /ﬀ2

2' / 2'
.1
0ﬃ
d_I
4
>@8MLJLJRSL

98;:
~
98;:JL

98;:JL 

i8;:JL



a)(43
ﬃ0
a

~ 
a)(
 ﬃu
a
~
3

a

?
ﬃ0
a
 
a)Y
 ﬃ0
a)(


"
>
h
>
#

a
ﬀxﬃ0
a 3
 
a
 ﬃ

a
 
a)Y
Qﬃ0
a 3
 
a
 ﬃK
a


"
6
h
6
#
Y]a 3
 ﬃ0
a
?]
]a)Y
ﬃ

a



a
?
ﬃ0
a
? ?
a 3
ﬃK~
a)

>

a

?
ﬃ0
a 3
 
a
Qﬃ

a
 
a)Y
ﬃ

a)( 3]a
Qﬃ

a)(

>
h
>
?
a
 ﬃ

a
? 
a
?
ﬃ

a
? ?
a
QﬃK~
a

+6
h
6


a
?
ﬃ

a



a
 ﬃK
a



a
?
ﬃ?~
a


i8;:JL

a)
Qﬃ0
a
7 
a
~

ﬃu
a
~
? 
a
?
(
ﬃ0
a
~

~
a

xﬃ0
a

3
     

[/     
  3/     / [/ 
1
CQL98M>@:JG
4VU
8;WX>;C7>@8YPQ8ML-R	I]`8;8?8ML9:d<
4VUSU
`8;8?EDCFI /





r
/
1
U



/
W<3

1
4U
7
/
1
4U
7
$
7	
r
/
1
4U


4  4
[
/
1
4U
 
9
/
W83

1
4U
7
/
1
U
7
$
7
"
(]a)(]a
~
#
-

;


6	 6
8MLJ:dNH8
U	4
P
6
IJ8K8ML9:JGOPv`8A<
2
`8;f_`8
U
8MPg8
U
:JLc:
h
:d<SC
U
L=NH8?N
4
:=<	8?<
4VUSU
`8;8MLdL]`8MNH8M>@:JG
4VUSU
`8;8ML;a
-

;


m

6

8ML9:NH8
U	4
P
6
IJ8<
2
`8;f_`8
U
8MPg8
U
:JL<SC
U
LNH8ML<
4VUSU
`8;8MLI]`8;8MNZNH8MLLJCF:JGZLJC7GZL-C
U
::
4
RSLNH8ML>@I-GZ:@q8;I-8ML<	8
L]`8MNH8M>@:JG
4VU
a
-

;


4  :
8ML9:KNH8
U
GHf78MC7Rt8ML9:JGZP`8g<	8ML
6
IkRSGH:JLc<	8Y
4VU
<<SC
U
LcNH8QN
4
:T<	8Q<
4VUSU
`8;8MLKL]`8MNH8M>@:JG
4VUSU
`8;8ML;a

N 8MLJ:c8MLJ:JGZPv`8
EDCFI=NZ8ML=<SGd`8;IJ8
U
:98MLzPv`8;:JB
4
<	8MLd<`8M>@I-GZ:98MLzC7R	ECFI-CMfFC
U
:;a
/
g*# ;

;


8ML9:dN
2
8;W>;C7>;GH:u`8Y<	8?EDI]`8MLu`8MNH8M>@:JG
4VU
<DRxLJGHr
U
C7N e]8MLJ:JGZPv`8;8AEDCFIzNZCQLJGZPbRSNZCF:JG
4VU
a
/

;


8ML9:zN
2
8;WX>;C7>;GH:]`8AI-8MNZCF:JGHf78A<
2
`8;:JGZ\]R	8;:JCFr78b<SRxLJGHr
U
C7Np:
h
:Me	8ML9:JGZP`8;8YEDCFIdNZCQLJGOPYRSNOCF:JG
4VU
a
$
8ML9:dNH8KIkCFESE
4
IJ:[<
2
8MP
6
I-C
U
>-BS8MPQ8
U
:z<	8ML[EDC7GHI-8ML=<	8K:
4
EŁ<DC
U
L[NH8?>;C
U
C7N >
4VU
LJGZ<`8;I^`8+?9N #i8;:JL C^a

8ML9:=NZCQNZRDPgG
U	4
LJGZ:u`8KG
U
:u`8;r7I]`8;8Q<	8ML=<
4VUSU
`8;8MLMa
%l8;E8
U
<SC
U
:;e]-

;


4 :
<ﬃ`8;E8
U
<t<S8

6	 6
a
U
8 p8;:;enGZN G
U
>;NZRS:dNH8MLT>
4VU
:9IkG
6
R	:JG
4VU
Lz<	8MLc
4VU
<SL

 i8;:JLT\]RSG
<`8;Ep8
U
<	8
U
:A<	8H-
6 6
"
% a EDCFIJ:JGH8 (]a

a
~
#
a

8EDNZRSLMe - 4  :8ML9:bL98
U
LJG
6
NH8gC7RCNfCFIkGZCF:JG
4VU
LYL9:JCF:JGZL9:JGZ\]R	8MLY<	8ML
<
4VUDU
`8;8ML
"
% a]EDCFIJ:JGZ8u(]a)(]a
~
#
8;:=C7RnNG
U
>@8;IJ:JGZ:JRS<	8MLL

LJ:u`8MPXCF:JGZ\uRS8ML[8
U
r `8
U
`8;IkC7N}a^d
4
R	I=PQ8MLJRSIJ8;I[NZCYLJ8M>@:JG
4VU
8;WX>;C7>@8CMf78M>:
4
R	:98MLb>@8MLA>
4VU
:9I-C7G
U
:98MLY<SC
U
L?N
2
8ML9:JGZPXCF:JG
4VU
<	8MLA
4VU
<DL;eo:9I
4
GZL?P`8;:JB
4
<	8MLbL
4VU
:AR	:JGZNOGZLu`8;8ML/
R
U
8dPv`8;:JB
4
<	8c<DGH:98 ?9>;NZC7LJL-GZ\uRS8 C^euR
U
8zPv`8;:JB
4
<S8c<	8zfuIkC7GZL98MP
6
NZC
U
>@87eV8;:lR
U
8zPv`8;:JB
4
<S8c<	8zfuIkC7GZL98MP
6
NZC
U
>@8
Cmf78M>?EDCFI-C7Psq8;:9I-8MLz<	8
U
RSGZL-C
U
>@87a
bqbﬃﬂ  

*
.

 

)* 

(+* 

%l8;:9:98XPv`8;:JB
4
<	8g8ML9:ARS:JGZNZGZL]`8;80ESI-G
U
>;GHEDC7NH8MPg8
U
:cE
4
R	IKf_`8;I-G ﬁS8;I?NH8MLKI^`8MLJRDNH:JCF:JLA<	8MLAPv`8;:JB
4
<S8ML?<	8Qf]I-C7G B
L98MP
6
NZC
U
>@87a 3NZNH8cI^`8;E
4VU
<vqCQNZC0EDIJ8MPgG}q8;IJ8K<SGHW>;RSNH:u`8?\uRDG8MLJ:dN
2
8ML9:JGZPXCF:JG
4VU
<SRy
4VU
<

 98;:JL=<`8;Ep8
U
<SC
U
:
<	8 

6	 6
a d
4
R	Iﬃ>@8MNOC^e
4VU
LJRSESE
4
L98=R
U
8[fFC7NH8MR	I_E
4
R	I 

66
r
?
E
6
\uRSGDL98;IJ:cqCAC7GHI-8=R
U
8=ESI-8MPgGq8;IJ8[8ML9:JGZPXCF:JG
4VU
<SR
U
GHf78MC7R0<SRY
4VU
<

 i8;:JLMa 
U
LJRSGZ:987eR
U
8ﬃfFC7NH8MR	I E
4
R	I 

6	 6
8ML9:jPQ8ML-R	I]`8;8[8
U
R	:JGZNZGZL-C
U
:NOCd
4
I-PbRSNH8K(]a)(]a
~
e
qCŁN
2
C7GZ<	8X<DR
U	4
P
6
IJ8X:
4
:JC7N<
2
`8;f_`8
U
8MPQ8
U
:JL
476
L98;IJf_`8MLY8;:b<SR
U
GHf78MC7R:
4
:JC7N8ML9:JGZP`8y<	8ML
6
I-RSGH:JLA<	8X
4VU
<oa
%8;:9:98
U	4
R	f78MNZNH8KfFC7NH8MR	I=<S8

66
L98;IJ:YqCgIJ8M>;C7NZ>;RSNH8;I=NZ8
U
GHf78MC7Rx<SRx
4VU
<

 98;:JL;eS8;:zC7G
U
LJGp<	8?LJRDGH:987a

U
I^`8MGH:]`8;I-C
U
:Ł>@8;:9:98ESI
4
>D`8M<SR	IJ87e=NZCwL98M>@:JG
4VU
8;WX>;C7>@8v:ih:ŁL98LJ:JC
6
GZNZGZLJ8tIkCFEDGZ<	8MPQ8
U
:;a
1
8ML
U	4
P
6
IJ8ML
<
2
`8;f_`8
U
8MPQ8
U
:JL
476
L98;IJf_`8ML[<SC
U
L3NZ8MLﬃ<
4VUDU
`8;8ML38;:ESI^`8M<SGH:JLL
4VU
:C7N
4
I-LQ`8;rVC7RCNpa 
U
P
4
8
USU
8z:9I
4
GOLﬃGH:]`8;I-CF:JG
4VU
L


Y
L4VU
:[LJR	WXL-C
U
:98MLlE
4
R	I[CMf
4
GZIdR
U
8TfFCFI-GZCF:JG
4VU
<	8KNZC0L98M>@:JG
4VU
8;W>;C7>@8AG
U
M`8;I-GH8MR	IJ8TC7RyE
4
R	I B >@8
U
:;a
1
CbfFC7NH8MR	I
ﬁ
U
C7NH8t<S8 

6  6
U
8<ﬃ`8;E8
U
<EDC7Ls<	8NZCfC7NZ8MR	IxG
U
GH:JGOC7NH8Ł<	8 

6  6
a
1
8MLx<	8MRCNPQ8MLJR	IJ8MLs<DC
U
LsNH8MLs>;C
U
C7RCN
?i8 

98;:JL&C^e ?BA$ 

98;:JL&Cg8;:cNH8MR	I-LzG
U
>@8;IJ:JGH:JRD<	8ML=L
4VU
:z>
4
P
6
G
U
`8;8MLzE
4
R	Iz<
4VUDU
8;IdNH8?I^`8ML-RSNH:JCF:T<SC
U
L
NH8?>;C
U
C7N2?9N 

98;:JL&C^a
bqbﬃﬂ  

*
.

 





(
o
d
 
(]
,C

U
<	8ML|G
U
>
4VU
f_`8
U
GH8
U
:JL|<S8{NZCP`8;:JB
4
<	8ESI^`8M>`8M<	8
U
:98 8ML9:|\]R
2
8MNZNH8
U
8ESIJ8
U
<EDC7L|8
U
>
4
PQES:98NH8ML
>
4
IJI^`8MNOCF:JG
4VU
L0N
4
I-L0<	8yNZC|>
4
P
6
G
U
C7GZL
4VU
<	8ML0<SGd`8;I-8
U
:JLQ>;C
U
C7RnNv<
2
C
U
C7N

L98ML;a
1
CtP`8;:JB
4
<	8s<	8fuI-C7GOL98MPMB
6
NOC
U
>@8K<ﬃ`8M>@I-GH:98YGO>;GoCv`8;:u`80<`8;f78MN
4
ESEl`8;8bE
4
R	I[IJ8MP`8M<SGZ8;IbqCg>@8?ESI
476
Nq8MPQ87a
%l8;:9:98dPv`8;:JB
4
<	8=<SGZLJL
4
>;GH8[N
2
C
U
C7N

LJ88
U
\]RSCF:9IJ8=L
4
RSLB C
U
C7N

L98MLj8WN	>;NZRSL-GHf78ML/ ?i8

98;:JL&C^e ?BA 

98;:JL&C^e
?i8

98;:JL&C=8;: ?BA$

i8;:JL&C^a
%8MNZC[8MLJ:E
4
LJLJG
6
NH8EDRSGZLJ\]R	8_NH8ML
U
GHf78MC7RCNK<	8ML 
4VU
<SLo8;: <S8ﬃLJGHr
U
C7N
4VU
:K`8;:u`8
`8;fFC7NZRﬃ`8MLTLu`8;EDCFI]`8MPQ8
U
:KE
4
RSId>@8MLz\]RSCF:9IJ8bC
U
C7N

L98ML;a
1
8MLc>
4
PQE
4
LJGH:JG
4VU
L=IJ8MNZCF:JGHf78MLc<	8YL-GHr
U
C7No8;:T<	8ML
6
I-RSGH:JL
<	8c
4VU
<yL
4VU
:=<DGd`8;IJ8
U
:98ML=L98MN
4VU
NZ8ML>;C
U
C7RCNa d
4
R	I=>@8ML[<S8MRCNXI-C7GZL
4VU
L;e^GZN8ML9:[CMfFC
U
:JCFr78MRCN|<S8cPQ8ML-R	IJ8;I[NZC
L98M>@:JG
4VU
8;W>;C7>@8X>
4
PgPQ8QNZC>
4
P
6
G
U
C7GZL
4VU
<	8MLTL98M>@:JG
4VU
Lc8;WX>;C7>@8MLA<	8MLT\]RSCF:9IJ8Q>;C
U
C7RCNpa%
4VU
:9I-C7GHIJ8MPQ8
U
:
qCx<
2
C7R	:9IJ8MLbC
U
C7N

L98MLA<	8PQ8MLJR	IJ8<	8XL98M>@:JG
4VU
8;WX>;C7>@8:
h
:H_`(43
a
e NZCxL]`8;EDCFIkCF:JG
4VU
8
U

4VU
>@:JG
4VU
<DR
U	4
P
6
IJ8
<	898;:JLy`8;:JGZ\]R	8;:u`8ML
6|Un2
8ML9:[EDC7LlC7GH:98K8
U
I-C7GZL
4VU
<DRsPgC
U
\]R	8K<	8?L9:JCF:JGZL9:JGO\uR	8K<SC
U
L[NH8ML[<
4VUSU
`8;8MLu/SR
U
L98MRSN
`8;f_`8
U
8MPQ8
U
:c8ML9:d<
4
R
6
NH8MPQ8
U
:`8;:JGZ\]R	8;:u`87a
1
8sESI-G
U
>;GHEp8<	8xNZCP`8;:JB
4
<	8Ł<	8sfuIkC7GZL98MP
6
NZC
U
>@8y8ML9:X<S8s:9I
4
R	f78;IR
U
8sL98M>@:JG
4VU
8;W>;C7>@8 

"
:
h
:
#
\]RSG
ESI^`8M<DGH:_R
UgU	4
P
6
IJ8d:
4
:JC7N<
2
`8;f_`8
U
8MPQ8
U
:JL[Lu`8MNH8M>@:JG
4VUSU
`8MLlNH8[EDNORSLjESI
4
>-BS8=E
4
LJLJG
6
NZ8<SR
U	4
P
6
IJ8
476
L98;I-f_`87a
1
C

4VU
>@:JG
4VU
<S8KfuI-C7GOL98MP
6
NZC
U
>@8K\uR
2
GZNpC7RD<	I-CQPgClN	GZPgGZLJ8;I8MLJ:d<	8?NZC0
4
I-PQ8 /

"





#
r
b
 	

 

b


ﬀ

ﬁ
"
/
W<3




/
X
 
1
 




#
"
(]a)(]a

#
ﬂ
qﬃ-
g # ;
m "!
-
h
4
$#
ﬂ&%
!ﬀ'
#)(
*!+
f
,-
%
!/.0
#
%	ﬂ
,213'
#ﬀ46587
"9
7

%
,-
%
!
#:(
'
7

4
+;!
#
"!
ﬂ
1
#
"'9
7

#/(
ﬂ
ﬃ
'ﬀ*<>=?*
ﬃ
%

4

#A@
ﬃ
=B!)'C=
%
=?.

#

#"D
"!
ﬁ

#
!
ﬃ
%
FE
ﬂ&%
*!+
ﬂ&%
4

(
'
ﬂ
13=B13+;.;+;!
7
 =
4
=
(
!
7
"HG=
%	ﬂ
!)'
(
'
ﬂ
13.IG,J
/
.;.;
4
ﬂ&%>%

.;=
(
'
ﬂ
13=B13+K.;+0!
7
-=
##
ﬂ
*"+
7
"LG=M.;=
(
'
7

4
+;*!+
ﬂ&%
4

/
W<3



7
"9
7

%
,J
%
!
#-#
=?*<3=
%
!
@
ﬃ

/
X
 
1
7
"9
7

%
,-
%
!
#
ﬂ&%
!
7
"!
7

ﬂ
1
#
"'9
7

#N
%
"!)!)
(
'
ﬂ
13=B13+;.K+0!
7

#
ﬃ
+0!
ﬃ
%
O.
ﬂ
+
4

d
ﬂ
+
##
ﬂ&%
N
%
"!)!)P,
7
"!<
ﬂ
4

4
ﬂ
+0!
#
Q13=
#
"'
#
ﬃ
'
4

#R7
*<>=
%
!+;.;.
ﬂ&%
#
+
%
4:7

(

%
4
=
%
!
#S#
!=B!+
#
!+
@
ﬃ
,J
%
!
NUT

#
7
"9
7

%
,J
%
!
#$(
'
7

#7
.;*!+
ﬂ&%>%
7

#
ﬂ
ﬃ
#V7
.0*!+
ﬂ&%>%
7

#D
$
+-,.,*/.0
(
ﬂ
ﬃ $
2'
4 -
2
(
#
ﬂ&%
!
%	ﬂ&%
4
+
#

ﬂ
+
%
!
#
=9?*
4

#
*
ﬂ
''
7
.;=B!+
ﬂ&%
#
4
=
%
#
.;
ﬃ
'
#
+
%
*"'!+;!
ﬃ
4

# #
!=B!+
#
!+
@
ﬃ

#
/
.0
#W7
"9
7

%
,J
%
!
#
$
2'
4 -
2
(
#
ﬂ&%
!O+
%
*".
ﬃ
#X4
=
%
#
.0
#
$
+-,.,*/.0
(
D
"!2.0
#
7
"9
7

%
,J
%
!
#M#V7
.0*!+
ﬂ&%>%
7

#M#
ﬂ&%
!Y+
%
*".
ﬃ
#Z4
=
%
#
.0
#[7
"9
7

%
,J
%
!
#\(
'
7

#7
.0*!+
ﬂ&%3%
7

#"N]T/5
=
%
=?.

#
W
#
!Y=?.
ﬂ
'
#
'"E
ﬂ
',
ﬃ
.
7
"2=9?*2.0
#^@
ﬃ
=B!)'
%>ﬂ
ﬃ
9?.;.0
#
9B=B'+;=B1.0
#A#
ﬃ
+09B=
%
!)
#
/
1
.0
%	ﬂ
,C1>'
4657
"9
7

%
,J
%
!
#
$
2'
4 -
2
(
=9?*


"!
7
"!+
@
ﬃ
"!
7

'
"
- 
698;:=<&6
#
"
1
.0
%	ﬂ
,C1>'
4657
"9
7

%
,J
%
!
#
$
2'
4 -
2
(
=9?*
`_
"!
7
"!+
@
ﬃ
"!
7
21
"
-
Z
 
6
8;:=<&6
#
"
1
.0
%	ﬂ
,C1>'
4657
"9
7

%
,J
%
!
#
$
+ ,., / 0
(
,-=?+
#^(
=
#
$
2'
4-
2
(
=9?*


"!
7
"!+
@
ﬃ
"!
7
21
"
- 

 h)h 
;
57698;:=< 6
#
"
1
.0
%	ﬂ
,C1>'
4657
"9
7

%
,J
%
!
#
$
+ ,., / 0
(
,-=?+
#^(
=
#
$
2'
4-
2
(
=9?*
`_
"!
7
"!+
@
ﬃ
"!
7
21
"
-
Z
 

 h)h 
;
576
8;:=<&6
#
N

9?*-*a*<>=
%	b
,J
%
!
4
J9B=B'+;=B13.;
#
"!
(
ﬂ
ﬃ
'O.0
#F@
ﬃ
=B!)'-=
%
=?.

#

#"D
+;.cEd=
ﬃ
!F,-=
N
+;,-+
#
"'
ﬃ
%
(
'
ﬂ
4
ﬃ
+0!
4

#
+
 

(
'
ﬂ
13=B13+;.K+0!
7

#(
ﬂ
+
##
ﬂ&%
+0
%>%

#e#
.
ﬂ&%
.0f!

(

4
ﬃ
.0
(
!
ﬂ&%
"
7
.0*!)'
ﬂ&%-ﬂ
ﬃ
,
ﬃ
ﬂ&%
#
D
.;=g,
ﬃ
.0!+
(
.K+;*"+0!
7
h
%

"!
#
"
!)'
ﬂ
+
#

N
*".
ﬃ
#
+09?
#
ﬂ
ﬃ
@
ﬃ
=B!)'g+
%
*".
ﬃ
#
+09?
#
#
D
.;=
@
ﬃ
=?.;+0!
7

4
ﬃ
.0
(
!
ﬂ&%
#V7
.0*!+
ﬂ&%>%
7

"
?
.
ﬂﬂ
#

B
!+
b
<V!
C
ﬂ
ﬃ ?
!+
b
<V!
C
#
_i

"!].;
%	ﬂ
,213'
4


"!
#Z7
"!+
@
ﬃ
"!
7

#
'
"
 
7
"'
ﬂ ﬂ ﬃ
=
ﬃ
,
ﬂ
+
%
#
ﬃ %
#
/

"





#
r
b
 	

 	

b


ﬀ

b
      8	 
 
    
 
b

 


 
ﬁ
"
/
W<3




/
X
 
1
 




#
"
(
N
(
N
i
#
=9?*
ﬁ
"

/
#
r
ﬀ

\ﬂﬁ
ﬃ
N
%

(

%
4
=
%
!
D
.0
%	ﬂ
,C1>' !
ﬂ
!=?.
4657
"9
7

%
,J
%
!
#
$
2'
4 -
2
(
=9?*
 _ 
"!
7
"!+
@
ﬃ
"!
7
-1
-
Z
 ! 
g # ;
m
698;:=< 6
4:7

(

%
4
4
ﬃ %>ﬂ
,21>'
46587
"9
7

%
,-
%
!
#
,
ﬃ
.0!+

"!
#"D>@
ﬃ
+ .
ﬃ
+ ,

,J
4:7

(

%
4H4

-
Z
 ! 
g # ;
m
698;:=< 6
/
"
?
=
ﬃ
!)'
#
E
ﬂ&%
43#
C
+
%
4
+
@
ﬃ

!
ﬂ ﬃ
#
.0
#
E
ﬂ&%
4>#
=
ﬃCN
(
=?+0'
#]4

@
ﬃ
=B'

#
!
ﬂ
(
=
ﬃCN

N
*
(
!+
ﬂ&%
#^4

#
E
ﬂ&%
43#
,
ﬃ
.0!+

"!
#
"!

 
"!
#
#
/
Z
 ! 
W<3




S:9
;

r
/
Z
 
"$#&%
 

S:9
;

"
/
Z
 ! 
W<3




S:9
;

#

/
Z
 
' )(

 1
 

S:9
;


/
Z
 
46  3

1
5
XY


1
 

S=9$;


/
Z
 



 

S=9$;

"


"
+*
# #
Th5
=
#
!
ﬃ
* *
ﬂ&%
#
+
#
!)h=?.
ﬂ
'
#
G=
7
*'+0'/!
ﬂ
ﬃ
!)
#
*
#
*
ﬂ&%
!)'+;1
ﬃ
!+
ﬂ&%
#

%
E
ﬂ&%
*!+
ﬂ&%
4

#
%	ﬂ
,C1>'
4657
"9
7

%
,J
%
!
#
!
*
! "!
4

#
=
ﬃ
!)'
#
1>'
ﬃ
+;!
#g4
 E
ﬂ&%
4
$
2'
4 -
2
(
"!
4

#
!)'
ﬂ
+
#
=
ﬃ
!)'
#F(
=B'=?,YG"!)'
#
b
'

=?*-=
ﬃCN
4
+

7
"'
%
!)
#
'.K=B!+
ﬂ&%
#
+
##
ﬃ

#A4
O.;=J,
7
"!<
ﬂ
4

4
O.;=J,-=B!)'+K*
N3T
2*"=?.K*
ﬃ
.
_
?,la
E
ﬂ
ﬃ
'
%
+;!
/
/
Z
 ! 
W83




S:9
;

r -
/

 
X
 
1

S:9
;

[
- '
/

 
X
 
1
U
X-X21

5

S:9
;

'
/
Z
 ! 
X
 
1
U
X-X21

5

S:9
;

"
(
N
(
N
(
#

/
Z
 
46  3

1
5
XY


1
 

S:9
;

[
/
Z
 
' )(

 1

/
Z

 


5

/
Z
 



[
/
Z
 
' )(

 1

/
Z




 

S:9
;

"


"
+*
# #
=9?*
/
- r
/
1
U
' )(

 1
_
[
/
1
4U
' )(

 1
' r
/
5
4687
_
[
/
5
4
687

r /
2324
S "
_
[
/
5
4
687
#
"
_
[
/
1
U
' )(

 1
#
%
"!)!)f,
7
"!<
ﬂ
4

(
"',J"!c=
ﬃ
##
+
4
A*"=?.;*
ﬃ
.0"'$.
5
+;,
(
=?*!
4

#
+
%
*"'!+;!
ﬃ
4

##

#
!
7
,-=B!+
@
ﬃ

#h#
ﬃ
'c.;=
#
*!+
ﬂ&%
/.a*"=?*
N>T
=
#7

(
=B'=B!+
ﬂ&%

%
@
ﬃ
=B!)'
#
ﬂ
ﬃ
#
B
=
%
=?.

#

#

#
!A+
%
!
7
"'
##
=
%
!)O*"=B'A.0
#
*
ﬂ&%
!)'+;1
ﬃ
!+
ﬂ&%
# 4

#f#
+
b&%
=
ﬃnN
"!
4

#
1>'
ﬃ
+;!
#Z4
LE
ﬂ&%
4
9 =B'+;
%
!
4
+

7
"',-,-
%
!
N
%
<>=
@
ﬃ

#
ﬂ
ﬃ
'* 
#
!
7
"!
ﬃ
4
+
7
" +
%
4
+09 +
4
ﬃ
.K.0,J
%
!
D

%
Ed=?+
#
=
%
!]9B=B'+0"'
#
ﬂ&%
"''
ﬃ
'
4

ﬃ
_ 

"!g
%
'*"=?.;*
ﬃ
.;=
%
! .0
#
/.a*"=?*"+0!
7

#O4

(
'
7

#7
.0*!+
ﬂ&%
D 4

#V7
.0*!+
ﬂ&%
"!
.0
%	ﬂ
,C1>'
4
Y1>'
ﬃ
+;!
#C4
YE
ﬂ&%
4
,
ﬃ
.0!+

"!
#
"!

 
"!
#"N10
%

%	ﬂ
ﬃ
9?.;.0
#
*!+
ﬂ&%
/. *"=?*\,-=
N
+;,-+
#
Z.;=
(
'
ﬂ
13=B13+;.;+;!
7

4
 9V'=?+
#
,C13.;=
%
*
N	T
=
4
+

7
"'
%
*F
%
!)'O*"!)!)
%>ﬂ
ﬃ
9?.;.0g9 =?.;
ﬃ
'f"!^.;= 9 =?.0
ﬃ
'f*
%
!)'=?.0
#
=
%
#
#

#
!
7
,-=B!+
@
ﬃ

# 4
ﬂ&%>%
].
5
"''
ﬃ
'/=
##
ﬂ
*"+
7
"
N T/5
+
%
*"'!+0!
ﬃ
4

#

#
!
7
,-=B!+
@
ﬃ
X!
ﬂ
!=?.0]
#
!
ﬂ
1>!)
%
ﬃ
^
%
=

ﬂ
ﬃ
!=
%
!
@
ﬃ
=
4
'=B!+
@
ﬃ
,-
%
!f!
ﬂ
ﬃ
!)
#
.0
#
"''
ﬃ
'
#^#

#
!
7
,-=B!+
@
ﬃ

#
"
9
ﬂ
+;'
(
=B'!+0
(
N
?
#
N
b32qb329>  
4
*
.

 
4

4


(5
4
d
 
(76
,84
( 
4-,
(

(!d:9
4
*
;4
5 
4
6  <5 (&6
,84
%
"!)!)g,
7
"!<
ﬂ
4
X
#
!
ﬃ
!+;.;+
#7
"
(
ﬂ
ﬃ
'
ﬂ
1>!)
%
+0':.;=O9B=?.0
ﬃ
':*
%
!)'=?.;]"!f.
5
"''
ﬃ
' !
ﬂ
!=?.0g
%
!)
%
=
%
!:*
ﬂ
,
(
!)
4
M!
ﬂ
ﬃ
!)
#
.0
#
+
%
*"'!+;!
ﬃ
4

#a#
!=B!+
#
!+
@
ﬃ
\"!
#

#
!
7
,-=B!+
@
ﬃ
L=?+
%
#
+
@
ﬃ
M.0
ﬃ
'
#
*
ﬂ
''
7
.;=B!+
ﬂ&%
#"N

ﬂ
ﬃ
!)
#
.0
#
_i>_
+%
*"'!+0!
ﬃ
4

# #
ﬂ&%
!2.;=?+
##V7
"
#
.;+;1>'
# 4


ﬃ
*!
ﬃ
"'O=
ﬃ
!
ﬂ ﬃ
'
4
-.;
ﬃ
'
#
9B=?.0
ﬃ
'
#
,
ﬂ


%>%

#"D
"!2.;=
(
'
ﬂ
13=B13+;.;+;!
7

4
Y9'=?+
#
,C13.;=
%
*Z
#
!a=?.
ﬂ
'
# (
ﬂ&%
4:7
"'
7
"
(
=B'a.;=
(
'
ﬂ
13=B1+;.;+0!
7

@
ﬃ
H*"!)!)

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#
ﬃ
'9 +0
%>%

N

+
%
#
+
(
ﬂ ﬃ
'
ﬃ %

#
ﬂ ﬃ
'*
#

#
!
7
,a=B!+
@
ﬃ
 
4
 9 =?.;
ﬃ
'^,J
#
ﬃ
'
7
"

"!
465
"''
ﬃ
'f=
##
ﬂ
*"+
7
"



D
.;=
(
'
ﬂ
1=B13+;.;+0!
7

4

9'=?+
#
,C13.;=
%
*g
#
!
/

"









#
r
b
 	

 	

b


ﬀ

b
       8	 
 
      
 
b
 
 


 
ﬁ
"
/
W<3



"


#

/
X
 
1





#$7

"


#
"
(
N
(
N
3
#


"
N

#

#
!].;=
(
'
ﬂ
13=B13+;.K+0!
7

%>ﬂ
',-=?.0
(
ﬂ ﬃ
'^.;= 9B=?.0
ﬃ
'
N

/

"
N

#
r

5
	

	

	
N
-
"
N

#
!+0
%
!^*
ﬂ
,
(
!)
4
O.;=
%	ﬂ ﬃ
9?.;.0O*
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%

%
#
+
b&%
=?. "!^13'
ﬃ
+0!
#f4
FE
ﬂ&%
4 4
ﬃ
 G=J.K= 9 =B'+K=B!+
ﬂ&%
4



#
ﬃ
'^.;=
#

#
!
7
,-=B!+
@
ﬃ
 
N
%
"!)!)
(
'
ﬂ
*
7

4
ﬃ
'
4
2,-=
N
+;,-+
#
=B!+
ﬂ&%

#
!X

*!
ﬃ
7
"
#
ﬂ
+0!
(
=B'
b
'
ﬂ ﬃ
(

#]4

#

#
!
7
,a=B!+
@
ﬃ

#"D #
ﬂ
+0!
(
ﬂ ﬃ
'
!
ﬂ ﬃ
!)
#
.0
#H#
ﬂ ﬃ
'*
#\465
+
%
*"'!+0!
ﬃ
4

# #
!=B!+
#
!+
@
ﬃ

#
"!
#

#
!
7
,a=B!+
@
ﬃ

#

%
,

,J !),
(#
"
(
.
ﬃ
# 4

,
#
ﬂ ﬃ
'*
#
#
N
=
%
#
*
#H4

ﬃCN
*"=
#"D
ﬃ %

%	ﬂ ﬃ
9?.;.;W9B=?.0
ﬃ
' *
%
!)'=?.0
4
L.;=
#
*!+
ﬂ&%
/. *"=?* 
#
!Y!)'
ﬂ ﬃ
9
7
"
N
T
=
4
+

7
"'
%
*X
%
!)' .;=29 =?.0
ﬃ
' *
%
!)'=?.0 =9?* "!
#
=
%
#
.
5


"!
4

#
+
%
*"'!+0!
ﬃ
4

#/#

#
!
7
,-=B!+
@
ﬃ

#

#
!
%	ﬂ
!
7
"
$
 1
+ﬃ+
(
N
T

#
'
7

#
ﬃ
.;!=B!
#]4
O*"!)!) ,
7
"!<
ﬂ
4

#
ﬂ&%
!
(
'
7

#

%
!
7

#X4
=
%
#
.;=
(
=B'!+0
(
N
?
N
   
    (	   ﬀ  ﬂﬁ 	

=
%
#
*"!)!)
(
=B'!+0
#
ﬂ&%
!
(
'
7

#

%
!
7
"
#
.0
#Y#
ﬂ
ﬃ
'*
#Y465
"''
ﬃ
'
# #

#
!
7
,-=B!+
@
ﬃ

# (
ﬂ
ﬃ
9B=
%
! =

*!)"'\.;=
#
*!+
ﬂ&%
/.a*"=?*

ﬃ
!
*
!  C,J
#
ﬃ
'
7
"
N
 Ed=
 
*
ﬂ&% b
7

%
7
"'=?.0
D
.
5
"''
ﬃ
'
#
ﬃ
'J.;=
#
*!+
ﬂ&%
/.a*"=?*

ﬃ
!
*
!  2
#
!
ﬂ
1#"
!)
%
ﬃ
 
%
Ed=?+
#
=
%
!g9B=B'+0"'
D 4
 Ed=
 
*
ﬂ&%
*
ﬂ
''
7
.
7
"
4
=
%
#
.0
#F@
ﬃ
=B!)'J*"=
%
=
ﬃCN
4
J,J
#
ﬃ
'
D
!
ﬂ
ﬃ
!)
#
.0
#F#
ﬂ
ﬃ
'*
#
465
+
%
*"'!+0!
ﬃ
4

#:4
%$
_ 

N

.K.0
#A#
"'
ﬂ&%
!^'
7
*"=
(
+0!
ﬃ
.
7
"
#X4
=
%
#
.;=
(
=B'!+0'&
N
?
N
b32 32ﬃﬂ (6
,84
*	=*	
4
5 5 
 
( d
4
5 
 4

4
(

d <6
$5 =* 
4
Th5
+
%
*"'!+;!
ﬃ
4

#
ﬃ
'^.;= ,J
#
ﬃ
'
4
F.;=J.
ﬃ
,a+
%	ﬂ
#
+0!
7
g
#
!
4:7
"!=?+;.K.
7
"
4
=
%
#
.;=
(
=B'!+0')
N
)
N
& "!^
#
!
4

3
N
&
l
N

.;.0
%
5

#
! *
ﬂ
''
7
.
7
" G=C=
ﬃ
*
ﬃ
%
g=
ﬃ
!)'g"''
ﬃ
'
N

%
'=?+
#
ﬂ&%
4
X.;=
%	ﬂ
',-=?.K+
#
=B!+
ﬂ&%
4

#
E
ﬂ&%
4>#h(
'+
%
*"+
(
=
ﬃ+*
#
ﬃ
'
.0
#F4
ﬂ&%>%
7
"
#
'
7
".;.;
#"D
.
5
"''
ﬃ
'
#
ﬃ
'O.;=
#
*!+
ﬂ&%
/.a*"=?* ,-
#
ﬃ
'
7
"-
#
!
7

b
=?.;,J
%
!
4

3
N
&
l
N

.;.0
4
"9'=?+0!

"!)'
#
ﬃ
(f7
"'+0
ﬃ
'
#
+6.0
%
+09?=
ﬃ
4

#
E
ﬂ&%
4>#Z7
"!=?+0!
(
'
ﬂ
(
ﬂ
'!+
ﬂ&%>%
.ﬀG=J.K=J.
ﬃ
,-+
%>ﬂ
#
+0!
7
F+
%
!
7

b
'
7
" ,J
#
ﬃ
'
7
"
N
b32 32ﬃﬂ (6
,84
*	=*	
4
5 5 
  4
 
4-,<4
6
, . 4
d
4
6$*

ﬂ
ﬃ
!2*
ﬂ
,a,Ja.0-*"=?.;*
ﬃ
.
4

#
/. *"=?*"+0!
7

# 4

4 7
*".0
%
*<>,J
%
!
D
.0
ﬃ
'
#
+
%
*"'!+0!
ﬃ
4

#F#
ﬂ&%
!C*"=?.;*
ﬃ
.
7
"
#

%
E
ﬂ&%
*!+
ﬂ&%
4

#
*"=B'=?*!
7
"'+
#
!+
@
ﬃ

# 4

#
ﬂ
1

"!
#
ﬃ
.;
(
!
ﬂ&%
#"D

"!
#
 "!
(
=B'
%
+09?=
ﬃ
4

4 7
*".0
%
*<>,J
%
!
N
d
ﬂ
ﬃ
'
4
ﬂ&%3%
"'
ﬃ
%aﬂ
'
4
'
4

b
'=
%
4

ﬃ
'
ﬃ
#
ﬃ
' .0
#
+
b&%
=?.	!
*
!

.

"!
#
 
D
.0
4:7
*".0
%
*<	,J
%
!
#
ﬃ
' .
587
.;*!)'
ﬂ&%

#
! *
ﬂ&%>%
ﬃ
G=-,
,=s.
l
(
'G
#
ﬃ
T
_
"!
T
)/ 
D
,
,=s
&
l
(
ﬂ
ﬃ
'F.0-,
ﬃ
ﬂ&%
ﬃ
T
_
"!
T
,
 X"!,
Cs
3
l
(
ﬂ
ﬃ
'F.0
#M7
"9
7

%
,-
%
!
#
G=
)-"!
i 
"!
#
ﬃ
T
_
D T
,
"!
T
)/ 
N T

#
*
ﬂ
''
7
.;=B!+
ﬂ&%
# #
ﬃ
']*
#
+
%
*"'!+0!
ﬃ
4

#]#
ﬂ&%
!
(
'+
#

#

%
*
ﬂ
,
(
!) .
ﬂ
'
#]4
2.;=
*
ﬂ
,C13+
%
=?+
#
ﬂ&%
4

#^4

ﬃ#*
*"=
%
=
ﬃ#* ?
"

"  
C
"!
?BA 
"  
C
N
T

#
*
ﬂ
ﬃ
'1 
# 4

$
2
1C 	
,
 (
ﬃ
!+;.;+
#V7
"
#C(
ﬂ
ﬃ
'J.
5
=
%
=?.

#

#
ﬂ&%
!
(
=B'=?,
7
"!)'
7
"
#a(
=B'
4

#
E
ﬂ&%
*!+
ﬂ&%
# 4
Y!

(

E
ﬂ&%
*!+
ﬂ&%
465
"''
ﬃ
'
ﬃ $
0

ﬁ
(
 
D
ﬂ
ﬃ0$
'

230
 
, +

2' ,
 
, +ﬂﬁ
10
,2 '

+ 0
(
N>T

#
+
%
*"'!+0!
ﬃ
4

#/#
ﬃ
':.0
#h(
=B'=?,YG"!)'
#f4

*
#
=
)ﬃ
#
!),J
%
!
#X#
ﬂ&%
!
(
'
ﬂ
(
=
b
7
"
#X#
ﬃ
'].;= !
ﬂ
!=?.K+0!
7

4
O.;= E
ﬂ&%
*!+
ﬂ&%
G=-.
5
=?+
4

4
C.;= E
ﬂ
',
ﬃ
.;
#
ﬃ
+09B=
%
!)3
_i
,

ﬃ

 
r
 


Y

S
c
"


-
S
7

ﬃ -
S
 
%

ﬃ
&
N
3
N
?
 

ﬃ
=


sZsZs

=
j
 :
#
!
ﬃ %
FE
ﬂ&%
*!+
ﬂ&%
4 5
/.a*"=?*"+0!
7

4

4 7
*".0
%
*<	,J
%
!X=9?*
%
(
=B'=?,YG"!)'
#
=
)ﬃ
#
!
7

#
=
8
N

ﬃ
=
8
 

#
!^.
5
+
%
*"'!+0!
ﬃ
4

#
ﬃ
'^=
8
"!^
#
!
4
ﬃ
aG=-.;=
#
!=B!+
#
!+
@
ﬃ
O.;+;,-+;!
7
"F"! G=-.;=
4
+
#(
"'
#
+
ﬂ&%
4

#
,J
#
ﬃ
'
#"N
Th5
"''
ﬃ
'
#
ﬃ
'

ﬃ
 *
 '
7

#
ﬃ
.0!=
%
!
4
2*
#
+
%
*"'!+0!
ﬃ
4

#

#
!
4

_
N
?
l
N
32 329> (6
,84
*	=*	
4
5 5 
 
(
;4-,

$6 5*


,
* 3
$6
4 
*
4
 


	 ( 
 4
T

#
/.a*"=?*"+;!
7

#J4
a'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4
ﬃ
9?"'!)
*
(
'+;,-=?+0'
#
ﬂ&%
!
4
+

7
"'
%
!)
# 4
=
%
#
.0
#24
ﬂ&%>%
7
"
#
"! .;=
#
+K,
ﬃ
.K=B!+
ﬂ&%
N

.;.0
#
ﬂ&%
!f,-
#
ﬃ
'
7
"
#^#
ﬃ
'
4

#a7
"9
7

%
,J
%
!
#
!
ﬃ

A A
 
 
"
4
=
%
#
.0
#f4
ﬂ&%>%
7
"
#
"!A.;=
#
+;,
ﬃ
"
.;=B!+
ﬂ&%
NT
 '=
(>(
ﬂ
'!
4
 *
#A4

ﬃ+*
/.a*"=?*"+0!
7

#
.(+*r /
m
h#jﬃj
;);
 
/

1

#
!A=
(>(
.;+
@
ﬃ
7

4
=
%
#
.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%

%
!=
%
!
@
ﬃ
 E =?*!)
ﬃ
'c*
ﬂ
''*!+;E
NBT

#
9 =B'+;=B!+
ﬂ&%
#e4
 *:E =?*!)
ﬃ
'$*
ﬂ
''*!+0E>
%
E
ﬂ&%
*!+
ﬂ&%
4
ﬃ %	ﬂ
,213'
4


"!
#$#
ﬂ&%
!
*
ﬂ
,
(
=B!+013.0
#
=9?*
4

#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#X#
!=B!+
#
!+
@
ﬃ

#N3T

#
+
%
*"'!+
4
ﬃ
4

#^#
ﬃ
'].0
#
*
ﬂ
''*!+
ﬂ&%
#
=
(>(
.;+
@
ﬃ
7
"
#
G=
.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
4
=
%
#
.0
#
*"=
%
=
ﬃ+* ?

#
"!
#
C
"!
?BA$
"!
#
C
#
ﬂ&%
!
465

%
9+;'
ﬂ&%
,
l
ﬃ.
;



; 6

(*
r _
s.
i
$
Cs.
_
"!
.
p



; 6

(*
r
Cs
_
$
Cs. ,
)/ h"!
(
'
ﬂ
9 +0
%>%

%
!ﬀ
##

%
!+0.;.;,J
%
!
4
].;=
#
!=B!+
#
!+
@
ﬃ
^.;+;,-+0!
7
"
4
=
%
#
.0
#/4
ﬂ&%3%
7
"
#"N
T

#
+
%
*"'!+0!
ﬃ
4

#f#
ﬃ
'^*
#
*
ﬂ
''*!+
ﬂ&%
#^#
ﬂ&%
!
#
ﬃ
(3(
ﬂ
#7
"
#]4 7
*
ﬂ
''
7
.
7
"
#X4
F!
ﬂ
ﬃ
!)
#
.0
#
=
ﬃ
!)'
#A#
ﬂ
ﬃ
'*
#]465
"' "
'
ﬃ
'
N

.;.0
#

%
!)'=
 ﬁ
%

%
!
ﬃ
%
 9 =B'+K=B!+
ﬂ&%
4

,
l
4
O.;=
#
*!+
ﬂ&%
/.a*"=?*C,-
#
ﬃ
'
7
"
N
32 32  (6
,84
*	=*	
4
5 5 
  
(
4
6$*	
,
(+* 3
$6 
4   

4<4-,
*


$6
T

#
/.a*"=?*"+0!
7

#24

# #7
.0*!+
ﬂ&%
#
$
+-,.,*/.0
(
"!
$
2'
4-
2
(
#
ﬂ&%
!
4
+

7
"'
%
!)
#O4
=
%
#
.0
# 4
ﬂ&%>%
7
"
#
"!F.;=
#
+;,
ﬃ
"
.;=B!+
ﬂ&%
NT

#
Ed=?*!)
ﬃ
'
#
*
ﬂ
''*!+0E
#
b
.
ﬂ
13=
ﬃ+*
#
ﬂ&%
!
.

 h)h 
;
r
Cs
3
&$
Cs.
_

(
ﬂ
ﬃ
'C.;=
#V7
.0*!+
ﬂ&%
$
+-,.,*/ 0
(
"!
.7698;:=<&6r
Cs



$
Cs.
_?_
(
ﬂ
ﬃ
' .;=
#V7
.0*!+
ﬂ&%
$
2'
4 -
2
(
N
.
#C(
'
ﬂ
9 +0
%>%

%
!
4

#
*
ﬂ
''*!+
ﬂ&%
#


*!
ﬃ
7
"
# #
ﬃ
'
.
5
/. *"=?*"+0!
7

4
-'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4

# 7
.0*!)'
ﬂ&%
#"D465
=
##
ﬂ
*"+K=B!+
ﬂ&%
4
a.
587
.;*!)'
ﬂ&%
G=
ﬃ
%
J!)'=?*a"!C=
ﬃ
9?"'!)
*
(
'+;,-=?+0'
D
"!
4
ﬃ
*'+;!G"'
4
 9'=?+
#
,C13.;=
%
*
N
<3=?*
ﬃ
%

4
 *
#
*
ﬂ
''*!+
ﬂ&%
#

#
!
#
ﬃ
(>(
ﬂ
#7
"
4:7
*
ﬂ
''
7
.
7
"
4
 !
ﬂ
ﬃ
!)
#
.0
#
=
ﬃ
!)'
#F#
ﬂ
ﬃ
'*
#O465
"''
ﬃ
'
N T/5


"!
4
J*
#
+
%
*"'!+0!
ﬃ
4

#

#
!
ﬃ
%
 9B=B'+;=B!+
ﬂ&%
4
 .K=
#
*!+
ﬂ&%
/.a*"=?* ,J
#
ﬃ
'
7
"
4


N
&
l
N
T

#
*
ﬂ
''*!+
ﬂ&%
#]#
ﬂ&%
!
4:7
"!=?+;.K.
7
"
#
*"+ "
4

##
ﬂ
ﬃ
#"N

T
=
4
+

7
"'
%
*
465
/.a*"=?*"+0!
7

4
g'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4 5
ﬃ
%
7
.;*!)'
ﬂ&%
4
=
%
#
.0
#f4
ﬂ&%3%
7
"
#
"!A.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%

#
!
7
"9B=?.
ﬃ
7
"
#
ﬃ
'
ﬃ
%
7
*<>=
%
!+K.;.
ﬂ&%
ﬁ ﬃ

" 
N	T
=
(
'
ﬂ
*
+;,-+;!
7

465
ﬃ
%

"!
(

ﬃ
!
(
"'!
ﬃ
1 "'h.K=O'*
ﬂ&%
#
!)'
ﬃ
*!"
!+
ﬂ&%
4
 .
57
.0*!)'
ﬂ&%
N
"!g

"!O=
7
"!
7
-,J
#
ﬃ
'
7

#
ﬃ
'
4

#M7
"9
7

%
,J
%
!
#
ﬁ ﬃ

" 
 _ 
"!g
%
E
ﬂ&%
*!+
ﬂ&%
4
g.K=
4
+
#
!=
%
*g
%
!)'O.
587
.0*!)'
ﬂ&%
"!^.0

"!
ﬃ

ﬃ

 
"!   
N T
 '=
(>(
ﬂ
'!
4
ﬂ&%>%
7
"
#A#
ﬃ
'
#
+;,
ﬃ
.;=B!+
ﬂ&%

#
!
*
ﬂ&%
#
!=
%
! G=-.
5
+
%
!
7
"'+0
ﬃ
'
4

#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#^#
!=B!+
#
!+
@
ﬃ

#
3
.
;
# ;
h
r
Cs
 i
$
Cs.

N

T
=
4
+

7
"'
%
*
#
ﬃ
' .
5
/. *"=?*"+0!
7

4 5
=
##
ﬂ
*"+;=B!+
ﬂ&%
465
ﬃ
%
 !)'=?*LG=
ﬃ
% ﬂ
1

"!
7
.0*'
ﬂ
,a=
b&%
7
"!+
@
ﬃ

4
=
%
#
.0
#J4
ﬂ&%>%
7
"
#
"!a.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%

#
!
7
"9 =?.
ﬃ
7
"
#
ﬃ
'
ﬃ
%
7
*<>=
%
!+K.;.
ﬂ&%
ﬁ ﬃ

" 
N
"!)!)
4
+

7
"'
%
*\=
7
"!
7

7
"!
ﬃ
4
+
7
" 
%
E
ﬂ&%
*!+
ﬂ&%
4

(
;ﬁ
D
!
;
"!
0
;
N
Xﬃ
*
ﬃ
%

4:7

(

%
4
=
%
*
%
5
=
7
"!
7
J*
ﬂ&%
#
!=B!
7
"
N T
2Ed=?*!)
ﬃ
'
*
ﬂ
''*!+0Ec
#
!
Cs

) $
Cs./?
N Th5
+
%
*"'!+;!
ﬃ
4

(
'
ﬂ
9+;
%
!
4
2.;=
#
!=B!+
#
!+
@
ﬃ
2.;+K,-+0!
7
"
ﬃ

N
_
l
 ^"!
4
2.;=
4
+
#)(
"'
#
+
ﬂ&%
4
ﬃ
'=
(>(
ﬂ
'!C
%
E
ﬂ&%
*!+
ﬂ&%
4
Y.;=
(#

ﬃ
4
ﬂ
"'=
(
+
4
+0!
7

!
;
"!
4
Z.
5
=
%	b
.0 =
 
+K,
ﬃ
!=?.
0
;
4

.
587
.0*!)'
ﬂ&%
ﬃ

N
?
l
 
N

T
C*'+0!G"'
4
29'=?+
#
,C13.;=
%
*
4
C.
587
.;*!)'
ﬂ&%

#
!
(
.
ﬃ
#
/.a*"=?*
4
=
%
#
.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
@
ﬃ

4
=
%
#
.0
#
4
ﬂ&%>%
7
"
#"N T
CE =?*!)
ﬃ
'F*
ﬂ
''*!+0Eﬀ"!
#

#
+
%
*"'!+0!
ﬃ
4

#X#
ﬂ&%
!g,J
#
ﬃ
'
7

#
*
ﬂ
,a,J
(
ﬂ
ﬃ
'g.
5
=
##
ﬂ
*"+;=B!+
ﬂ&%
G=
ﬃ
%
 !)'=?*2"!]9 =
ﬃ
!3
Cs
_
,
$
Cs. ,
N
_i
)
T/5
=
##
ﬂ
*"+;=B!+
ﬂ&%
4
O.
587
.0*!)'
ﬂ&%
=
ﬃ
9?"'!)
*
(
'+;,-=?+;'X
#
!
(
.
ﬃ
#:(
"'E
ﬂ
',-=
%
!)
4
=
%
#
.;=
#
+K,
ﬃ
.K=B!+
ﬂ&%
N T

'=
(>(
ﬂ
'!
4
ﬂ&%>%
7
"
#-#
ﬃ
'
#
+;,
ﬃ
.;=B!+
ﬂ&%

#
!-,J
#
ﬃ
'
7

#
ﬃ
'
ﬃ %
7
*<3=
%
!+;.K.
ﬂ&% ﬁ ﬃ

" 
N

=
4 7

(

%
4
=
%
*

%
E
ﬂ&%
*!+
ﬂ&%
4
M.;= ,
ﬃ
.0!+
(
.;+;*"+0!
7
 
% 
"!
#

#
! E =?+01.0 "!a
#
!Y*
ﬂ
,
(
=B!+;13.0\=9?*
4

#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#
#
!=B!+
#
!+
@
ﬃ

#"N?T
:Ed=?*!)
ﬃ
'h*
ﬂ
''*!+0E3
#
!
4

Cs

$
Cs.
_
N T/5
+
%
*"'!+0!
ﬃ
4
:
#
!
465
ﬂ
'+
b
+
%

#
!=B!+
#
!+
@
ﬃ

N
32 32  (6
,84
*	=*	
4
5 5 
  
(
4
6$*	
,
(+* 3
$6   	  
$6
T

#
/.a*"=?*"+0!
7

#]4

#f#7
.0*!+
ﬂ&%
#
$
+-,.,*/.0
(
"!
$
2'
4-
2
( #
ﬂ&%
!
4
+

7
"'
%
!)
#A4
=
%
#
.0
#:4
ﬂ&%>%
7
"
#
"!A.;=
#
+;,
ﬃ
.;= "
!+
ﬂ&%
NT

#
Ed=?*!)
ﬃ
'
#
*
ﬂ
''*!+0E
#
b
.
ﬂ
13=
ﬃ+*
#
ﬂ&%
!
4

Cs
343
$
Cs.
ix
(
ﬂ ﬃ
'.;=
#V7
.0*!+
ﬂ&% $
+-,.,*/.0
(
"!
Cs
&

$
Cs.
i
?
(
ﬂ ﬃ
'ﬀ.;=
#7
.0*!+
ﬂ&% $
2'
4-
2
( N
.
#$(
'
ﬂ
9 +0
%>%

%
!
4

#
*
ﬂ
''*!+
ﬂ&%
#
=
(>(
ﬂ
'!
7
"
#
G=F.
5
/.a*"=?*"+;!
7

4
f'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4

#
,
ﬃ ﬂ&%
#"Dc4
Y.
5
=
##
ﬂ
*"+;=B!+
ﬂ&%
G=
ﬃ %
 !)'=?*Z"! =
ﬃ
9?"'!)
*
(
'+;,-=?+0'
D4
Y.;=
@
ﬃ
=?.;+0!
7

4

#
!)'=?*
#"D
"!
4
ﬃ
*'+;!G"'
4 5
+
#
ﬂ
.;=B!+
ﬂ&%
7

%
"'
b
7
"!+
@
ﬃ

4

#
,
ﬃ ﬂ&%
#"N 
<>=?*
ﬃ %

4
Y*
#
*
ﬂ
''*!+
ﬂ&%
#

#
!
#
ﬃ
(>(
ﬂ
#V7
"
4:7
*
ﬂ
''
7
.
7
"
4
 !
ﬂ ﬃ
!)
#
.0
#
=
ﬃ
!)'
#F#
ﬂ ﬃ
'*
#O465
"''
ﬃ
'
N T/5


"!
4
J*
#
+
%
*"'!+0!
ﬃ
4

#

#
!
ﬃ %
 9B=B'+;=B!+
ﬂ&%
4
 .K=
#
*!+
ﬂ&%
/.a*"=?* ,J
#
ﬃ
'
7
"
4

_
l
N
T

#
*
ﬂ
''*!+
ﬂ&%
#]#
ﬂ&%
!
4:7
"!=?+;.K.
7
"
#
*"+ "
4

##
ﬂ ﬃ
#"N

T
=
4
+

7
"'
%
*
465
/.a*"=?*"+;!
7

4
 '*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
465
ﬃ %
,
ﬃ ﬂ&%
4
=
%
#
.0
#C4
ﬂ&%>%
7
"
#
"! .;=
#
+;,
ﬃ
.;=B!+
ﬂ&%

#
!
7
"9B=?.
ﬃ
7
"
#
ﬃ
'
ﬃ
%
7
*<>=
%
!+K.;.
ﬂ&%
ﬁﬃ

A A
 
NT
O'=
(>(
ﬂ
'!
4
ﬂ&%>%
7
"
#X#
ﬃ
'
#
+;,
ﬃ
.;=B!+
ﬂ&%

#
!]*"=?.;*
ﬃ
.
7
C
%
E
ﬂ&%
*!+
ﬂ&%
4

(
p
ﬁ
D
!
m
;
6
"!
0
m
;
6
N
gﬃ
*
ﬃ
%

4 7

(

%
4
=
%
*
%
5

#
! *
ﬂ&%
#
!=B!
7
"
N>Th5
+
%
*"'!+;!
ﬃ
4
^=
##
ﬂ
*"+
7
"g
#
!
13=
#V7
"
#
ﬃ
'^.;=
4
+
#)(
"'
#
+
ﬂ&%
4

#
,J
#
ﬃ
'
#

%
!
m
;
6
N3T
=-*
ﬂ
''*!+
ﬂ&%

#
!
4

_
s.
$
Cs.
i
N

T
=
4
+

7
"'
%
*
#
ﬃ
'-.
5
/.a*"=?*"+0!
7

465
=
##
ﬂ
*"+;=B!+
ﬂ&%
465
ﬃ
%
Y!)'=?*
4
=
%
#
.0
#J4
ﬂ&%>%
7
"
#
"!-.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%

#
!
7
"9B=?.
ﬃ
7
"\G=
(
=B'!+0'
4
 ,
ﬃ
ﬂ&%
#
'*
ﬂ&%
#
!)'
ﬃ
+0!
#
ﬃ
%
+
@
ﬃ
,J
%
! G=
(
=B'!+0'
4

#
*<>=?,C1>'
#
G= ,
ﬃ
ﬂ&%
#
"!
4

#f4 7

(

ﬂ
!
#^4657

%
"'
b
+;
4
=
%
#
.0 *"=?.
ﬂ
'+;, G"!)'
N>T
 '=
(>(
ﬂ
'!
4
ﬂ&%>%
7
"
#^#
ﬃ
'
#
+K,
ﬃ
.K=B!+
ﬂ&%

#
!^*"=?.;*
ﬃ
.
7
 
%
E
ﬂ&%
*!+
ﬂ&%
4

(
p
ﬁ
D
!
m
;
6
"!
0
m
;
6
"!
(
ﬂ
ﬃ
'X!)'
ﬂ
+
#](f7
"'+
ﬂ
4

#g4

4
ﬂ&%>%
7
"
#

%
'=?+
#
ﬂ&%
4

#
*<3=
%	b
,J
%
!
#
4
=
%
#
.0
#A(
=B'=?,YG"!)'
#]4
F'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4

#
!)'=?*
#
"!
4

#
,
ﬃ
ﬂ&%
#N>T
OEd=?*!)
ﬃ
']*
ﬂ
''*!+0Ee
#
!
4

Cs


$
Cs.
)
N T/5
"''
ﬃ
'^!
ﬂ
!=?.0 
#
!
4
ﬃ
O=
ﬃ+*
9B=B'+;=B!+
ﬂ&%
#

%
!
m
;
6
"!
0
m
;
6
ﬃ
,
N
&
l
 
D

%
(
p
ﬁ
4
=
%
#
.0
#
4
ﬂ&%>%
7
"
#
ﬃ_
l
 
D
.0
#
+
%
*"'!+0!
ﬃ
4

#ﬀ#
ﬃ
'h.0
#
*
ﬂ&%
!)'+01
ﬃ
!+
ﬂ&%
#ﬀ4

#
E
ﬂ&%
43#
,
ﬃ
.0!+

"!
ﬃ

N
&
l
 c"!
4

#
'=

ﬂ&%
#
*
ﬂ
#
,-+
@
ﬃ

#
ﬃ

N
i
l
 
D
.;=F9B=B'+;=B!+
ﬂ&%
(
ﬂ
ﬃ
'/.0
#
)
(:7
"'+
ﬂ
4

#h4

4
ﬂ&%>%
7
"
#
ﬃ

N
)
l
 
D
.;=O!=?+;.;.0
4
X.;=FE 
%

"!)'
465
=
##
ﬂ
*"+;=B!+
ﬂ&%
ﬃ

N
_
l
 A"!].;=
#
!=B!+
#
!+
@
ﬃ


%
+0
4
=
%
#
.0
#^4
ﬂ&%3%
7
"
#
"!].;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
ﬃ

N
_
l
 
N

T

#
/.a*"=?*"+0!
7

#C#
ﬃ
'F.0 *'+0!G"'
4

@
ﬃ
=?.;+0!
7

4

#
!)'=?*
#O#
ﬂ&%
!F,J
#
ﬃ
'
7
"
#
G=
(
=B'!+0'
465
ﬃ
%
7
*<3=
%
!+;.K.
ﬂ&%
ﬁ ﬃ

A A
 
4
=
%
#
.0
#h4
ﬂ&%3%
7
"
#
"! .K=
#
+;,
ﬃ
.;=B!+
ﬂ&%
N&T
=
4:7

(

%
4
=
%
*
4
ﬃ
E =?*!)
ﬃ
':*
ﬂ
''*!+0E 
%
E
ﬂ&%
*!+
ﬂ&%
4
ﬃ
%	ﬂ
,213'
4


"!
#
%
5

#
!
(
=
#A#
+
b&%
+

*"=B!+;9?
N T
=J,
ﬂ


%3%
O"!^.
57
*"=B'! "!

(

4
O*"!)!)
4
+
#
!)'+01
ﬃ
!+
ﬂ&%
*
ﬂ&%
4
ﬃ
+
#

%
!2G=-.;=J*
ﬂ
''*!+
ﬂ&%
#
ﬃ
+09B=
%
!)3


) $
.
)
N

T
=L,

,JW,
7
"!<
ﬂ
4

ﬃ
!+;.K+
#V7
"
(
ﬂ
ﬃ
'-.0H*'+0!"G"'
465
+
#
ﬂ
.K=B!+
ﬂ&%
7

%
"'
b
7
"!+
@
ﬃ
M"! .0
#
=
##
ﬂ
*"+;=B!+
ﬂ&%
#
=
ﬃ
9?"'!)
*
(
'+;,-=?+;'
4
ﬂ&%>%

%
!^.0
#
*
ﬂ
''*!+
ﬂ&%
#
'
#(
*!+;9?
#
3


) $
.
)J"!

& $
. ,
N
32 32 (6
,84
*	=*	
4
5 5 
  

4
*  
4
* (
 4

4
5
 4
* 5
T

#
/.a*"=?*"+0!
7

#f4657
"!+
@
ﬃ
"!=
b

4 5
ﬃ
%

"!
(
=B'
ﬃ
%
,
ﬃ
ﬂ&%
#
ﬂ&%
!h*
ﬂ
''+
b
7
"
#/(
=B'*
@
ﬃ
5
.;.0
#ﬀ#
ﬂ&%
!
4
+

7
"'
%
!)
#
4
=
%
#
.0
#f4
ﬂ&%3%
7
"
#
"!:.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
N 

4:7

#
=?*"*
ﬂ
'
4
!)'
ﬂ
ﬃ
9?
#
ﬂ&%Zﬂ
'+
b
+
%

4
=
%
#
.0
#
/.a*"=?*"+0!
7

#^4
g'*
ﬂ&%
#
"
!)'
ﬃ
*!+
ﬂ&%
4

#
,
ﬃ
ﬂ&%
#
+
##
ﬃ
#C4
 .K=M*
ﬂ
.;.K+
#
+
ﬂ&%
D
"!
4
=
%
#
.;=
4
+ .a*
ﬃ
.;!
7

4

#
+;,
ﬃ
.0"'
4

#
,
ﬃ
ﬂ&%
#
*
ﬂ
#
,-+
@
ﬃ

#
"!
4

#
Ed=
ﬃ+*
,
ﬃ
ﬂ&%
#
+
##
ﬃ
#24


"!
#N
d
ﬂ
ﬃ
'-*
#
'=?+
#
ﬂ&%
#"D
.;=
(
'
ﬂ
13=B13+K.;+0!
7

4657
"!+
@
ﬃ
"!=
b
H
#
! *
ﬂ
''+
b
7
"
4

#
/.a*"=?*"+;!
7

# 465
+
4

%
!+

*"=B!+
ﬂ&%
4

#
,
ﬃ
ﬂ&%
#]4
=
%
#
.0
#

"!
#"D
"!
4
O'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4
2Ed=
ﬃ+*
,
ﬃ
ﬂ&%
#]4
=
%
#
.0
#

"!
#"N
T

(
',-+0"'ZEd=?*!)
ﬃ
'\=
7
"!
7
 ,J
#
ﬃ
'
7

#
ﬃ
'
4

# 7
"9
7

%
,J
%
!
#



A A
"! ,YG
%
[G=
ﬃ
%
Ed=?*!)
ﬃ
'
4

_i?i
(ﬂ&%
4:7
"'=B!+
ﬂ&%
4


i
&$
. ,
i
NVT

4

ﬃ+*
+IG,Jf
#
!ﬀ*"=?.;*
ﬃ
.
7

#
ﬃ
'
4

#c4
ﬂ&%>%
7
"
#
'
7
".K.0
#
,
ﬃ
.;!+

"!
#
=
ﬃ+*
@
ﬃ
.;.0
#
ﬂ&%
!
7
"!
7
 '"!)'=
%
*<
7
"
#
.0
#
*
ﬂ&%
!)'+01
ﬃ
!+
ﬂ&%
#64

# #
=9?
ﬃ
'
#
.
ﬂ ﬃ
'
4

#"NT
=A*
ﬂ
''*!+
ﬂ&%
D
*"=?.;*
ﬃ
.
7
" *
ﬂ
,-,J .0ﬀ'=
(>(
ﬂ
'!
4

#
/.a*"=?*"+0!
7

#c4
=
%
#
.0
#e4
ﬂ&%>%
7
"
#
"!e.;=
#
+K,
ﬃ
.K=B!+
ﬂ&%

#
!
4

_

_
&) $

)&

N 

#
+
%
*"'!+;!
ﬃ
4

#6#
ﬂ&%
!e*
ﬂ
''
7
.
7
"
#

%
!)'O.;.;
#
"!^
%
!)'2.0
#^@
ﬃ
=B!)'2*"=
%
=
ﬃ+*
4 5
=
%
=?.

#

N
Th5
+
%
*"'!+0!
ﬃ
4

#
ﬃ
'g.02!=
ﬃ#*
4
C,a=
ﬃ
9 =?+
# 7
"!+
@
ﬃ
"!=
b
J
#
! .
5
"''
ﬃ
'
4
ﬂ
,-+
%
=
%
!)
#
ﬃ
'g.;= ,-
#
ﬃ
'
4


ﬃ
+*
 3
.;.;O9 =B'+0
4

_

l
4
=
%
#
.;C*"=
%
=?.
?

 
"!
#
C
"!
4

_
l
4
=
%
#
.0C*"=
%
=?.
?BA 
"!
#
C
G=a*"=
ﬃ
#

4

#
E
ﬂ&%
4>#

 
"!
#^(
.
ﬃ
#
+K,
(
ﬂ
'!=
%
!
#]4
=
%
#
*2*"=
%
=?.
N
T

4 7
"!=?+;.
4
ﬃ
*"=?.;*
ﬃ
.
4
O*
#
+
%
*"'!+;!
ﬃ
4

#

#
!
(
'
7

#

%
!
7
 *"+ "
4

##
ﬂ ﬃ
#"N

T/5
ﬂ
1

*!+0E
7
"!=
%
!
4

@
ﬃ
=
%
!+

"' .0
#Y4
+

7
"'
%
*
# 4
ﬂ&%>%
7
"
#
ﬂ
#
+;,
ﬃ
.;=B!+
ﬂ&%
#
ﬃ
'Y.
5
+
4

%
!+

*"=B!+
ﬂ&%
4

#
,
ﬃ ﬂ&%
# 4
=
%
#
.0
#

"!
#D
"!
%	ﬂ&%
46587
"9 =?.
ﬃ
"'
(
'
ﬂ
(
',J
%
!
#
ﬂ&%
/.a*"=?*"+;!
7

ﬃ
(
'
ﬂ
*
##
ﬃ
#
1
 



A A 
 
D
.
5
/.a*"=?*"+;!
7

465
+
4

%
!+

*"=B!+
ﬂ&%
4

#
,
ﬃ ﬂ&%
#ﬀ4
=
%
#
.0
#

"!
#

#
! ,J
#
ﬃ
'
7
"
#
ﬃ
'
4

#
7
*<>=
%
!+;.;.
ﬂ&%
#


ﬃ

A A
 A"!
ﬁ ﬃ

A A
 
N 
=
%
#
.0
#]4
ﬂ&%>%
7
"
#"D
.;=JEd=?+013.0
#
!=B!+
#
!+
@
ﬃ

4
+
#)(
ﬂ&%
+013.0X"!
.0]1>'
ﬃ
+0!
4
gE
ﬂ&%
4
+;,
(
ﬂ
'!=
%
!/,
(

*<	
%
!^*"'!=?+
%

#:(
=B'=?,
7
"!)'+
#
=B!+
ﬂ&%
#

%
(
p
ﬁ
D
!
p
"!
0
p
NVT
ﬂ
'
#@
ﬃ

*
5

#
!
(
ﬂ
##
+;13.0
D
=
ﬃ
*
ﬃ %

4 7

(

%
4
=
%
*
#
+
b&%
+

*"=B!+;9?
%
5

#
!h*
ﬂ&%
#
!=B!
7
"
N>T
]Ed=?*!)
ﬃ
' *
ﬂ
''*!+0E6
#
!:+
##
ﬃ
4
 .
587
"!
ﬃ
4

#
ﬃ
' .0
#


(
ﬃ
+
#@
ﬃ
C.0
#
*"=B'=?*!
7
"'+
#
!+
@
ﬃ

#
*"+
%
7
,-=B!+
@
ﬃ

#
"!
465
+
#
ﬂ
.;=B!+
ﬂ&%
4

#
,
ﬃ ﬂ&%
#
+
##
ﬃ
# 4

#


#
ﬂ&%
!
#
,C13.;=B1.0
#
G=H*.;.0
#F4

#
,
ﬃ ﬂ&%
#
+
##
ﬃ
#F4


"!
#
1 =
ﬃ+*
#
,-+;.0
(
!
ﬂ&%
+
@
ﬃ

#"N 
.
=
7
"!
7
 ,J
#
ﬃ
'
7
YG=

i
& $
. ,
i
N T/5
+
%
*"'!+0!
ﬃ
4

(
'
ﬂ
9 +0
%
!
4
2.K=
4
+
#)(
"'
#
+
ﬂ&%
4

#
,J
#
ﬃ
'
#
"!
4
2.;=
#
!=B!+
#
!+
@
ﬃ
O.;+K,-+0!
7
"
N

T
 !=
ﬃ+*
4
 ,a=
ﬃ
9 =?+
#\7
"!+
@
ﬃ
"!=
b
 
#
!F.;=
(
'
ﬂ
13=B1+;.;+0!
7

(
ﬂ
ﬃ
'
@
ﬃ
5
ﬃ
%

"!O.
7

b
"'
ﬃ
+
%
+0!+
7

(
=B'
b
D
ﬃ
D 46D #
 
(
'
ﬂ
9
ﬂ
@
ﬃ
a=B'!+

*"+0.;.0,J
%
!F.;=Y'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
465
ﬃ
%
,
ﬃ
ﬂ&%
N 
.c
#
!C*"=?.K*
ﬃ
.
7

4
=
%
#
.0
#O4
ﬂ&%>%
7
"
#
"!
.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
G=
(
=B'!+0'
4
ﬃ
!=
ﬃ+*
b
.
ﬂ
13=?.
4
 '*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4
-,
ﬃ
ﬂ&%
#
%	ﬂ&%
+
#
ﬂ
.
7

#
=
ﬃ
@
ﬃ
.
#
ﬂ&%
!
'"!)'=
%
*<
7
"
#
.0
#
*
ﬂ&%
!)'+;1
ﬃ
!+
ﬂ&%
#f4

#X#
=9?
ﬃ
'
#
.
ﬂ
ﬃ
'
4

#A#
.
ﬂ&%
.K= E
ﬂ
',
ﬃ
.0
#
ﬃ
+09B=
%
!)3
/
%


;
6

: 
/
8
j



'

8 %
[
l
1


7
/
Dp
7
.
p	


;
6
8
m
[
l

1

4
7
/)4
Dp
7
.
p	


;
6
8
m


/
%


;
6

:

#
!].0F!=
ﬃ+*
4
O,a=
ﬃ
9 =?+
# 7
"!+
@
ﬃ
"!=
b

N


/
8
j



'

8 %

#
!f.;=
(
'
ﬂ
13=B1+;.;+0!
7

4657
"!+
@
ﬃ
"!=
b

4
X!
ﬂ
ﬃ
#
.0
#

"!
#N

.;.0^
#
!A,J
#
ﬃ
'
7
"
4
=
%
#
.;
# 4
ﬂ&%3%
7
"
#
"!:.K=
#
+K,
ﬃ
.K=B!+
ﬂ&%
#
ﬃ
'
4

#-7
"9
7

%
,J
%
!
#]4
+ "

"!
#"N T

4 7

#
=?*"*
ﬂ
'
4

%
!)'F.0
#f4
ﬂ&%>%
7
"
#
"!A.;=
#
+;,
ﬃ
.;= "
!+
ﬂ&%
D

l
D

#
!^*
ﬂ
,
(
!
7
C*
ﬂ
,-,-2+
%
*"'!+;!
ﬃ
4

#

#
!
7
,-=B!+
@
ﬃ
ZG=J.;=
@
ﬃ
.;.0
#"5
=

ﬂ
ﬃ
!)
%
!
,
l
465
"''
ﬃ
'
#
!=B!+
#
!+
@
ﬃ

N


l

1


"!
l

1

4
#
ﬂ&%
!:.0
#ﬀ(
'
ﬂ
(
ﬂ
'!+
ﬂ&%
#ﬀ4


"!
#
*^"!h1
4
=
%
#
.0
# 7
"9
7

%
,J
%
!
#A4
+ "

"!
#"N

.;.0
#ﬀ#
ﬂ&%
!

#
!+;,
7
"
#H#
ﬃ
'
4

# 7
"9
7

%
,J
%
!
#
,
ﬃ
.0!+

"!
#Y#
+;,
ﬃ
.
7

#"NAT
=
4:7

(

%
4
=
%
*
#
.
ﬂ&%
.
57

%
"'
b
+;W!)'=
%
#
"
9?"'
#

4
ﬃ 
"!g
#
! Ed=?+013.0
D
"!g
#
!
ﬃ
!+;.;+
#7
" *
ﬂ
,-,JJ+
%
*"'!+;!
ﬃ
4

#

#
!
7
,-=B!+
@
ﬃ

N T
=

b
ﬃ
'&
N
3
N
_
,
,
ﬂ&%
!)' .;=WE '=?*!+
ﬂ&%
4


"!
#J#
,a+;.0
(
!
ﬂ&%
+
@
ﬃ

#
+
##
ﬃ
#C4

@
ﬃ
=B'

#
*Z"!J1 
%
E
ﬂ&%
*!+
ﬂ&%
4
 .0
ﬃ
'
7

%
"'
b
+0 !)'=
%
#
9?"'
#

N

#F4
+
#
!)'+01
ﬃ
!+
ﬂ&%
#A(
"',J"!)!)
%
!
465
ﬂ
1>!)
%
+;'3
l

1


 
ﬃ

)

i
$
.
i
,
 
l
"!
l

1

4
 
ﬃ

_
?,
$
.
_?_
 
l
N


/

"!
/)4
#
ﬂ&%
!a.0
#J(
'
ﬂ
13=B13+;.;+;!
7

#J4 587
"!+
@
ﬃ
"!=
b

4

#

"!
#a#
,-+;.0
(
!
ﬂ&%
+
@
ﬃ

# 4

@
ﬃ
=B'

#
*H"!-1
N

.;.;
#F#
ﬂ&%
!2
#
!+;,
7
"
# #
ﬃ
'
4

#W7
*<>=
%
!+;.;.
ﬂ&%
#
,
ﬃ
.0!+

"!
#F#
+;,
ﬃ
.
7

#F(
*
(

1
*
1
D6(
*
(

*
*
*
D
ﬁ

1
*
1
"!
ﬁ

*
*
*H=

%
4

4 7
*'+0'M.0H,-+0
ﬃ+*
(
ﬂ
##
+013.;Z.0
#(
*!)' 
%
7

%
"'
b
+0\!)'=
%
#
9?"'
#

4

#

"!
#
4
=
%
#
.;
#O4
ﬂ&%>%
7
"
#"N 

(

%
4
=
%
!O.
5
=?*"*
ﬂ
'
4

%



;
6
ﬁ
%
5

#
!
(
=
#O#
ﬃ
.
#
=
%
!
D
"!C.K=
4
+

7
"'
%
*-
%
!)'
.0
# (
'
ﬂ
1=B13+;.;+0!
7

#g46587
"!+
@
ﬃ
"!=
b

4

#W7
*<>=
%
!+;.;.
ﬂ&%
#
,
ﬃ
.0!+

"!
#
"!
ﬁ

#
!O*
ﬂ
,
(
!
7
" *
ﬂ
,-,JJ"''
ﬃ
'
#

#
!
7
,-=B!+
@
ﬃ
 3
/ Dp
 

)

$

_
,
"!
/ﬃ4
 p
 

&
_
$
 ,
N
_i
&
   
&
N
3
N
_
,O !8ﬀ
,
/	
" >"
	 	G		
"
ﬀ)	 

ﬀ

ﬀ
,./"
	f"

, 
ﬀQ
"
	*"



,
	
"
ﬂQ 
"

"



"
Qﬀ/	
3"
	
"

"
	
#"
	
+"
+ ﬂ  &nﬂ  
"#"
&(ﬀﬂ
"
8ﬀ& &(
 
"
ﬁQﬀ
,."

"
/
,

"
	&( ﬀ J 90N  J 9
N#R

"!)!)
(
'
ﬂ
*
7

4
ﬃ
' *
ﬂ&%
4
ﬃ
+0! G= .;= ,J
#
ﬃ
'
4
 .
5
/. *"=?*"+0!
7

4
 ,-=
ﬃ
9B=?+
# 7
"!+
@
ﬃ
"!=
b

#
ﬃ
+09B=
%
!) 3
/
5
4


 4
9
 
ﬃ

_

$
.
3
&/ 
l
D
G= *
ﬂ
,
(
=B'"' =9?*
ﬃ
%
 /.a*"=?*"+0!
7

46587
"!+
@
ﬃ
"!=
b

4


_ 3
) $
. 
ﬂ
1>!)
%
ﬃ

#
ﬃ
'Y!)'
ﬂ
+
#
.
ﬂ
!
# 46587
"9
7

%
,-
%
!
#
,
ﬃ
.0!+

"!
#Z#
+;,
ﬃ
.
7

#
=9?*
4

# #

ﬃ
+;.
#Z4

,
D
i

"!



"


#
ﬃ
'h.0],
ﬂ
,-
%
! !)'=
%
#
9?"'
#

4

#

"!
#NVT

#
+
%
*"'!+;!
ﬃ
4

#"D4
=
%
#
.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
D
#
ﬂ&%
!
ﬃ
%
+
@
ﬃ
,J
%
!
465
ﬂ
'+
b
+
%

#
!=B!+
#
!+
@
ﬃ

N$T

#
+
%
*"'!+;!
ﬃ
4

# #
ﬃ
' .0 !=
ﬃ#*
4
Z'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4

E =
ﬃ+*
,
ﬃ
ﬂ&%
#-#
ﬂ&%
!
4
 )
i
N
&
l
4
=
%
#
.0
#-4
ﬂ&%>%
7
"
#
"!
4
-&
N
&
l
4
=
%
#
.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
NcT
HEd=?*!)
ﬃ
'
*
ﬂ
''*!+0E

%
=?. 
#
!
4

_

_
& $

i

D
*
5

#
! " G= "
4
+0'C,J
#
ﬃ
'
7
O=9?*
ﬃ
%

(
'
7
*"+
#
+
ﬂ&%
4
')&
l
N
32 32  (6
,84
*	=*	
4
5 5 
 
(
;4-,

$6 5*


,
* 3
$6
4
*

(
,
(


 
(+* 3
$6
4
5
 4
* 5

"!)!)X=
%
=?.

#

ﬃ
!+;.;+
#
f.K=F!)*<
%
+
@
ﬃ

   
ﬃ
(
ﬂ
ﬃ
'
$
 
-
' ﬁﬀ2'
#4
 
20ﬀﬁ '
#4

0 2ﬁ, '
 4
 .0 2 /
(
 
@
ﬃ
+>
#
!
ﬃ
%

*
ﬂ
''*!+
ﬂ&%
'.K=B!+09?^"!
%>ﬂ&%
=B1
#
ﬂ
.
ﬃ

4
].K=
#
+;,
ﬃ
.;=B!+
ﬂ&%
=

%
4
^'"!)'
ﬂ
ﬃ
9?"':.;
#
,ﬃﬂ,J
#:(
"'E
ﬂ
',-=
%
*
#/@
ﬃ

4
=
%
#
.0
#^4
ﬂ&%>%
7
"
#N 
*"+
(
"',J"!
4
F'
7

4
ﬃ
+0'O.;
#
"''
ﬃ
'
#A#

#
!
7
,a=B!+
@
ﬃ

#
*
ﬂ
,-,
ﬃ
%

#"N
T

#
+
%
*"'!+0!
ﬃ
4

# #
ﬃ
'F.
587
*<	.K.0
46587

%
"'
b
+0
D
.K= '
7

#
ﬂ
.
ﬃ
!+
ﬂ&%

%
7

%
"'
b
+0
D
"!O.
5
+
4

%
!+

*"=B!+
ﬂ&%
"!2.K= '*
ﬂ&%
#
"
!)'
ﬃ
*!+
ﬂ&%
4

#

"!
#-#
ﬂ&%
!
Dﬀ(
ﬂ
ﬃ
' .;
#
+
b&%
=?.

*

 

)

"  
ﬃ i 
"!
#
 
Dh4
H.
5
ﬂ
'
4
'
4
 ,
, .
l
D
,

&
l
D
,

&
l
ﬃ
, &
.
l
D
,

&
l
D
,
_

&
l
 
N6T

#
*
ﬂ
''
7
.;=B!+
ﬂ&%
# #
ﬂ&%
!
(
'+
#

#

%
*
ﬂ
,
(
!) .
ﬂ
'
#g4
C.;= *
ﬂ
,21+
%
=?+ "
#
ﬂ&%
4

#]4
+
7
"'
%
!
#
*"=
%
=
ﬃ#*
4 5
=
%
=?. 
#

N3T
=a,
7
*
ﬂ&%>%
=?+
##
=
%
*
4
O.K=-*"=?.;+01>'=B!+
ﬂ&%
D	4
2.;= '
7

#
ﬂ
.
ﬃ
!+
ﬂ&%
"!
4

.
5
/. *"=?*"+0!
7

4
f'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4

#!
"!
#

%
!)'="ﬂ
ﬁ
%

ﬃ
%
:9B=B'+;=B!+
ﬂ&%
4
 )
l
#
ﬃ
'/.;=
#
*!+
ﬂ&%
/.a*"=?*],J
#
ﬃ
'
7
"
N
ﬂ
ﬂ
+K*"+
ﬃ
%
'
7

#
ﬃ
,
7

4

#
"''
ﬃ
'
#A#
 
#
!
7
,-=B!+
@
ﬃ

#
.;+
7
"
#
G=-*"!)!)C!)*<
%
+
@
ﬃ

   
N

T/587

%
"'
b
+0
4

# !
"!
#

#
!X,
ﬂ
4
+
f7
"2
%
E
ﬂ&%
*!+
ﬂ&%
4

(


;
6
ﬁ
"!
!


;
6
"!X.
5
+
%
*"'!+0!
ﬃ
4
F=
##
ﬂ
*"+
7
"
(
'
ﬂ
9+0
%
!
4
g.K=
#
!=B!+
#
!+
@
ﬃ

ﬃ
!+;.;+
#7
"
4
=
%
#
.0
#f#
+;,
ﬃ
.;=B!+
ﬂ&%
#
"!^.0
#f4
ﬂ&%3%
7
"
#
"!
4

# (
=B'=?,
7
"!)'+
#
=B!+
ﬂ&%
#A4
 *
#
*
ﬂ
''*!+
ﬂ&%
#N

T
= '
7

#
ﬂ
.
ﬃ
!+
ﬂ&%

%
7

%
"'
b
+0
4

#$!
"!
#A4
=
%
#
.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%

#
!^,
ﬂ
4
+
f7
"
4
 E =
 
*
ﬂ&%
G= '"!)'
ﬂ
ﬃ
9?"'^*.;.0
,J
#
ﬃ
'
7
"
4
=
%
#
.;
# 4
ﬂ&%>%
7
"
#
3
ﬃ
%
E =?*!)
ﬃ
'-=?.
7
=B!
ﬂ
+0'
4

4
+
#
!)'+01
ﬃ
!+
ﬂ&% b
=
ﬃ
##
+0
%>%
Z
#
!J=
(>(
.;+
@
ﬃ
7

#
ﬃ
'2.
57

%
"'
b
+0
4
ﬃ
!
"!
NeT

#
+
%
*"'!+0!
ﬃ
4

#2#
ﬃ
'2.0
#O(
=B'=?, G"!)'
# 4
a.K=
b
=
ﬃ
##
+0
%3%

#
ﬂ&%
!
(
'
ﬂ
(
=
b
7
"
#
*
ﬂ
,-,JO"''
ﬃ
'
#
 
#
!
7
,-=B!+
@
ﬃ

#
ﬃ
'^.;= '
7

#
ﬂ
.
ﬃ
!+
ﬂ&%

%
7

%
"'
b
+0
4

#%!
"!
#"N
_i 3
T/5
+
%
*"'!+0!
ﬃ
4

#
ﬃ
'A.;= '*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
"!].
5
+
4

%
!+

*"=B!+
ﬂ&%
4

#$!
"!
#

#
!
7
"9B=?.
ﬃ
7
"O
%
=
(>(
.K+
@
ﬃ
=
%
!
ﬃ %
9
7
"!
ﬂ
=?.
7
=B!
ﬂ
+;'
4:7

(

%
4
=
%
!
4

(


; 6
ﬁ
#
ﬃ
'ﬀ!
ﬂ ﬃ
#
.0
#!
"!
#"D
 *
ﬂ
,
(
'+
#
*
ﬃ#* %

(
=
##
=
%
!
(
=
#
.0
#
*'+;!G"'
#
4

@
ﬃ
=?.;+0!
7

N
32 32  (6
4



4
5 5 
  

4




3
$6
4
5


 6 5 	 


 4	
5
4	  -
T

%
+09?=
ﬃ
4

#
E
ﬂ&%
4>#
,
ﬃ
.0!+
!
"!
#
"!


!
"!
#

#
!
7
"9 =?.
ﬃ
7

(
=B'F.;=Y,
7
"!<
ﬂ
4

4
J.;=Y,-=B!)'+;*
N T

#
+
%
"
*"'!+;!
ﬃ
4

#h#
ﬃ
' .0
#
'
7

#
ﬃ
.0!=B!
#f4
X*"!)!) ,
7
"!<
ﬂ
4

(
'
ﬂ
9+;
%>%

%
!
4
X.
5
+
%
*"'!+0!
ﬃ
4

#
ﬃ
':.0
#/(
'
ﬂ
13=B13+;.;+;!
7

#h4

#
9'=?+
#
ﬂ ﬃ
Ed=
ﬃ+*
.0
(
!
ﬂ&%
#
$
+-,.,*/ 0
( 4

#
=B!+
#
E =?+;'2=
ﬃ
##
+.02*'+0!G"'
$
2'
4 -
2
(
ﬃ/*#

8
"!
/<%
('$)
 
D
"!
4

#

ﬃ
*!
ﬃ
= "
!+
ﬂ&%
##
!=B!+
#
!+
@
ﬃ

#e#
ﬃ
'e.0
#
%	ﬂ
,C1>'
#4 587
"9
7

%
,J
%
!
#ﬀ(
'
7

#7
.0*!+
ﬂ&%>%
7

#
"!
#V7
.0*!+
ﬂ&%>%
7

#
$
+-,.,*/.0
(
ﬂ ﬃ*$
2'
4-
2
( N


(

%
4
=
%
!
D
*
#C4
"'
%
+IG"'
#2#
ﬂ&%
!C*
ﬂ
''
7
.
7
"
#
"!C.0
#
"''
ﬃ
'
#F#
!=B!+
#
!+
@
ﬃ

#O#
ﬂ&%
!C*"=?.;*
ﬃ
.
7
"
#2#
ﬃ
'C.0
#O@
ﬃ
=B!)'

%
#
,213.;
#
ﬂ
'!<
ﬂ?b?ﬂ&%
=
ﬃ+*
3
$
+ ,., / 0 24' /

*/ 2'
4 -
2
(
ﬂ ﬃ $
2'
4 -
2
(
=9?*:
*
=?*!),J
%
!

ﬂ ﬃ O_
!
"!
7
"!+
@
ﬃ
"!
7
:1
N
ﬂ ﬂ
+K*"+ .0
4:7
"!=?+;.
4

#
"''
ﬃ
'
#A#
 
#
!
7
,-=B!+
@
ﬃ

#
3

T/5
+
%
*"'!+0!
ﬃ
4

#
ﬃ
'a.;= ,J
#
ﬃ
'
4

/<%
('$)

#
!
4
 &
l
N
.;.0\
#
! ,J
#
ﬃ
'
7
"
#
ﬃ
'a.0M.
ﬂ
!
4

4
ﬂ&%3%
7
"
#

%
'+;*<>+c
%
7
"9
7

%
,J
%
!
#
,
ﬃ
.;!+
!
"!
#
3+;.
#"5
=
b
+;!
4

#L7
"9
7

%
,J
%
!
# (
'
7

#7
.0*!+
ﬂ&%3%
7

# (
ﬂ ﬃ
'2.
5
=
%
=?. 
#

G=W.
5

*
*
(
!+
ﬂ&%
4

#
*'+0!G"'
#-#
ﬃ
'J.
57

%
"'
b
+0Y!)'=
%
#
9?"'
#
Y,a=
%
@
ﬃ
=
%
!)
Dﬀ@
ﬃ
+
#
ﬂ&%
! ',
(
.;=?*
7

# (
=B'J.;=
*
ﬂ&%
4
+0!+
ﬂ&%
3


ﬁ

_


ﬂ
N
/<%
('*)

#
! *"=?.;*
ﬃ
.
7
"W
%
E
ﬂ&%
*!+
ﬂ&%
4



ﬁ
N T/57
*"=B'! "!  
(

4
M*"!)!)
4
+
#
!)'+;1
ﬃ
!+
ﬂ&%
4
ﬂ&%>%
O.
5
+
%
*"'!+0!
ﬃ
4
g=
##
ﬂ
*"+
7
" G=
/<%
('$)
N
 /
$#

8

#
!
7
"9B=?.
ﬃ
7
"
#
ﬃ
'C.;
# 7
"9
7

%
,J
%
!
#-#
+;,
ﬃ
.
7

#


!
"!
#
"!C!
*
!
(
'
7

#7
.0*!+
ﬂ&%3%
7

#"N
.;.;-
#
! *
ﬂ
' "
'+
b
7
"
(
=B'
ﬃ
%
E =?*!)
ﬃ
'
b
.
ﬂ
13=?.
4
ﬂ
ﬃ
=
ﬃ
4:7

#
=?*"*
ﬂ
'
4 465
/.a*"=?*"+;!
7

465
+
4

%
!+

*"=B!+
ﬂ&%
4

#
.0
(
!
ﬂ&%
#
+
#
ﬂ
.
7

#
7

%
"'
b
7
"!+
@
ﬃ

#

%
!)' .0
# 4
ﬂ&%>%
7
"
#
"! .;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
N 
aEd=?*!)
ﬃ
'-*
ﬂ
''*!+0E^
#
! *"=?.;*
ﬃ
.
7
Y
%
*
ﬂ
,"
(
=B'=
%
! *
#
/.a*"=?*"+0!
7

# 465
+
4

%
!+

*"=B!+
ﬂ&%
4

#
.0
(
!
ﬂ&%
# 4
=
%
#
.;
# 7
"9
7

%
,J
%
!
#
! 
*

4
=
%
#
.0
#
4
ﬂ&%>%
7
"
#
"!
4
=
%
#
.K=
#
+;,
ﬃ
.;=B!+
ﬂ&%
NT
=
4
+
#(
"'
#
+
ﬂ&%
4
 *XEd=?*!)
ﬃ
'A*
ﬂ
''*!+;E 
%
E
ﬂ&%
*!+
ﬂ&%
4
ﬃ
%	ﬂ
,C1>'
4

!
"!
#"D
=?+
%
#
+
@
ﬃ
 .0
#
"''
ﬃ
'
#g#
!=B!+
#
!+
@
ﬃ

# #
ﬃ
'F.0
#
/.a*"=?*"+0!
7

#"De#
ﬂ&%
!O*
ﬂ
,
(
!
7
"
#
*
ﬂ
,-,J "''
ﬃ
'
#
#
 
#
!
7
,a=B!+
@
ﬃ

#]#
ﬃ
'
/$#

8
N

T

#
+
%
*"'!+;!
ﬃ
4

# #
!=B!+
#
!+
@
ﬃ

# #
ﬃ
' .0
#
%	ﬂ
,C1>'
# 4657
"9
7

%
,J
%
!
# (
'
7

#7
.0*!+
ﬂ&%3%
7

#
"!
#V7
.0*!+
ﬂ&%>%
7

#g#
ﬂ&%
!]*
ﬂ
,
(
'+
#

#

%
!)'%&
l
"!
,
l
N
T

#
+
%
*"'!+0!
ﬃ
4

#2#
ﬃ
'
$#

8
"!
%
('*)
%

#
ﬂ&%
!
(
=
#
*"=?.;*
ﬃ
.
7
"
# (
=B'
ﬃ
%
 ,
7
"!<
ﬂ
4
 =
%
=?. !+
@
ﬃ

ﬃ

E
N
E
ﬂ
',
ﬃ
.0 &
N
3
Nﬁﬀ
 O,a=?+
#

%
Ed=?+
#
=
%
!F9 =B'+0"'O!
ﬂ
ﬃ
!)
#
.0
#O#
ﬂ
ﬃ
'*
#2465
"''
ﬃ
'
#
"!O
%
!)
%
=
%
! *
ﬂ
,
(
!)
4
-.;
ﬃ
'
#
*
ﬂ
''
7
.K=B!+
ﬂ&%
#"N
0
%
Z"''
ﬃ
'
4
-$
_ 

#
ﬃ
'J*
#
+
%
*"'!+0!
ﬃ
4

#
+;,
(
.;+
@
ﬃ

ﬃ
%
Y9B=B'+;=B!+
ﬂ&%
4

i
N
&
l
4
 .;=
#
*!+
ﬂ&%
/. *"=?*
,J
#
ﬃ
'
7
"
NT/5
  "!
4
ﬂ
,-+
%
=
%
! 
#
!2*.
ﬃ
+
4

#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#O#
!=B!+
#
!+
@
ﬃ

#F#
ﬃ
'2.0
#
%>ﬂ
,21>'
#O46587
"9
7

%
,-
%
!
#
(
'
7

#7
.;*!+
ﬂ&%>%
7

#
"!
#7
.0*!+
ﬂ&%>%
7

#"N 
.
#
!^*
ﬂ
''
7
.
7
O=9?*O.;
#
+
%
*"'!+0!
ﬃ
4

#:#
!=B!+
#
!+
@
ﬃ

#f#
ﬃ
'

ﬃ

*

 
N	T/5
"''
ﬃ
'
!
ﬂ
!=?.0
ﬃ
*
ﬂ
,
(
'
%
=
%
!Y.;
#
+
%
*"'!+0!
ﬃ
4

#a#
!=B!+
#
!+
@
ﬃ

#
"! .0
#
+
%
*"'!+0!
ﬃ
4

# #
ﬃ
' .
57
"9B=?.
ﬃ
=B!+
ﬂ&%
4

#
E
ﬂ&%
4>#
,
ﬃ
.0!+
!
"!
#
"!
ﬂ

!
"!
#
 -
#
!Y=?.
ﬂ
'
#Z(
.
ﬃ
#
E =?+;13.0
@
ﬃ
 .;=
#
ﬂ
,-,J
@
ﬃ
=
4
'=B!+
@
ﬃ

4

#
"''
ﬃ
'
#Y4

#Y4

ﬃ#*
*
ﬂ&%
!)'+01
ﬃ
!+
ﬂ&%
#"N
32 32ﬃ (6
4



4
5 5 
  4
5



3
$6 5 
4   ﬃ 
T

#
"''
ﬃ
'
#/#
ﬃ
'/.;=O*
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%

%
#
=9?
ﬃ
'
#:4

#
E
ﬂ&%
4>#
 

!
"!
#
=
ﬃ
%
+09?=
ﬃ
4
].;=
(
'
7

#V7
.0*!+
ﬂ&%
ﬃ
+
N

N
.0
#
E '=?*!+
ﬂ&%
#h4

 

!
"!
#
 
#
ﬂ&%
!
4
]!)'
ﬂ
+
#/#
ﬂ
'!)
#
3V+
%
*"'!+0!
ﬃ
4

#
!<
7

ﬂ
'+
@
ﬃ

#"D
+
%
*"'!+0!
ﬃ
4

#
.;+
7
"
#
G=O.
5
=B!)!)'+ "
1
ﬃ
!+
ﬂ&%
4
2.;=
#
=9?
ﬃ
'
4
ﬃ
!
"!^'*
ﬂ&%
#
!)'
ﬃ
+0!
D
"!g+
%
*"'!+0!
ﬃ
4

#A#
ﬃ
'].K=
(
'
7

#7
.0*!+
ﬂ&%
NT

#
*
ﬂ
''
7
.;=B!+
ﬂ&%
#

%
!)'
_i
ﬀ
.0
#A4
+ 
7
"'
%
!)
#]#
ﬂ ﬃ
'*
#]4 5
"''
ﬃ
'
#
"!]
%
!)'C.0
#^4
+ 
7
"'
%
!
#
*"=
%
=
ﬃ+*
465
=
%
=?.  
#

#
ﬂ&%
!
(
'+
#

#

%
*
ﬂ
,
(
!)
N
T

#^4
+ 
7
"'
%
!)
#]#
ﬂ ﬃ
'*
#^465
+
%
*"'!+0!
ﬃ
4

#f#
ﬃ
'^.;
#
E '=?*!+
ﬂ&%
#^4

 

!
"!
#^#
ﬂ&%
!
4:7
"!=?+;.;.
7
"
#
*"+ "
4

##
ﬂ ﬃ
#"N

T

#
+
%
*"'!+0!
ﬃ
4

#
!<
7

ﬂ
'+
@
ﬃ

#e(
'
ﬂ
9 +0
%>%

%
!
4

#
E
ﬂ&%
*!+
ﬂ&%
#e4

4

%
#
+0!
7

(
=B'!
ﬂ&%
+
@
ﬃ

#
ﬃ

%
Ed=?+
#
=
%
!e9B= "
'+0"'ﬀ.0
#
,
"''
ﬃ
'
#ﬀ#
 
#
!
7
,a=B!+
@
ﬃ

#/4
1$
_ 

=
ﬃ
!
ﬂ ﬃ
'
4
f.K=X9B=?.0
ﬃ
'ﬀ*
%
!)'=?.0 
D4
ﬃ
*<
ﬂ
+
*
4

#C7
*<	.K.0
#
4
]Ed=?*!
ﬂ
'+
#
=B!+
ﬂ&%
"!
4
]'
%	ﬂ
',-=?.;+
#
=B!+
ﬂ&% ﬃ

%
Ed=?+
#
=
%
! 9B=B'+0"':.;=O9B=?.0
ﬃ
'f*
%
!)'=?.0
4 5
ﬃ %
Ed=?*!)
ﬃ
'
_

,
G=
,
 
D?4
 .
5
+
%
*"'!+0!
ﬃ
4

#
ﬃ
'$.;=],-=
##

4

#$@
ﬃ
=B'

#
.
ﬂ ﬃ
'
4>#
ﬃ

%
Ed=?+
#
=
%
!9B=B'+0"'c.0
ﬃ
'e,a=
##

4
 $
_ 

=
ﬃ
"
!
ﬂ ﬃ
'
4
 .0
ﬃ
' 9 =?.0
ﬃ
' *
%
!)'=?.;
D
=9?* ,
4
 
i

ﬀ
& $

)


ﬂ

*

"!
,

 
_

&& $

)


ﬂ

*

 
D
"!
4
2.
5
+
%
*"'!+0!
ﬃ
4

#
ﬃ
'].;
#
Ed=?*!)
ﬃ
'
#]4
2'
%	ﬂ
',-=?.;+
#
=B!+
ﬂ&% "
 
_
.
& $
.
ﬀ 4

#h4
+K=
b
'=?,-,J
#

1
*
1 "!

*
*
*
(
=B'h'=
(>(
ﬂ
'!/=
ﬃ#*
4
+;=
b
'=?,-,-
#
=9?*
!
"!
# 4

#
=9?
ﬃ
'
#
.
7

b
G"'
#"N

T

#
+
%
*"'!+0!
ﬃ
4

#2#
ﬃ
'O.;=
(
'
ﬂ
*
7

4
ﬃ
'
465
=
##
ﬂ
*"+;=B!+
ﬂ&%
4
ﬃ
!
"!O'*
ﬂ&%
#
!)'
ﬃ
+0!O=
ﬃ
<>=
4
'
ﬂ&%Lb
7

%
7
"'
7

#
ﬂ&%
!
7
"9B=?.
ﬃ
7
"
#

%
E =?+
#
=
%
!A9B=B'+0"'^.K=C!=?+K.;.0
4
ﬃ
*ﬂ
ﬂ&%

465
=
##
ﬂ
*"+;=B!+
ﬂ&% ﬃ
9 =B'+;=B!+
ﬂ&%
4
', )
l
(
ﬂ ﬃ
'

 

N
&\G=

 

Nﬁﬀ
 
D
"!
%
*
ﬂ
,
(
=B'=
%
!$.;=],
7
"!<
ﬂ
4

465
=
##
ﬂ
*"+;=B!+
ﬂ&% ﬃ
!+;.K+
#V7
"/=9?*f.;=^,
7
"!<
ﬂ
4
	
T

ﬃ
9 =B'+K=B!+
ﬂ&%
b
.
ﬂ
13=?.0
4
%,
,
l
 
N

T

#
+
%
*"'!+0!
ﬃ
4

#-#
ﬃ
'Z.;=
(
'
7

#7
.;*!+
ﬂ&%
(
'
ﬂ
9+0
%3%

%
!
4
M.;=
#
!=B!+
#
!+
@
ﬃ

ﬃ
!+;.;+
#7
"
D 4
M.
5
/. *"=?*"+0!
7

4

4 7
*".0
%
*<	,J
%
!
DX4
L.
57
*<>.;.0
4657

%
"'
b
+0
4

# !
"!
#
"!
4
 .
5
/.a*"=?*"+0!
7

4
L'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
"!
465
+
4

%
!+

*"=B!+
ﬂ&%
4

# !
"!
#"N 
.K.0
#^#
ﬂ&%
!
7
"9B=?.
ﬃ
7
"
#
=9?* .0
#
,	ﬂ,J
#X(
'
ﬂ
*
7

4
ﬃ
'
#X@
ﬃ
C*.;.0
#^4:7
*'+;!)
#
4
=
%
#
.0
#A(
=B'!+0
#
&
N
3
N
,
"! &
N
3
NﬁﬀVN
T
=J,
7
*
ﬂ&%>%
=?+
##
=
%
*
4
O.;=J*
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%

%
#
=9?
ﬃ
'
#]4

#%!
"!
#^4
=
%
#
.0
#A(
'
ﬂ
*
##
ﬃ
#
 

!
"!
#
+
%
4
ﬃ
+;!
ﬃ
%
 +
%
*"'!+0!
ﬃ
4

4

,
N
&
l
#
ﬃ
'

ﬃ

*

 
N
32 32ﬃﬂ
 (6 
4 



4
5 5 
  

4





$6


$6 
4 
5
Th5
+
%
*"'!+;!
ﬃ
4

(
'+
#
C
%
*
ﬂ
,
(
!)J+;*"+
(
ﬂ
'!)
#
ﬃ
' .0 E =?*!)
ﬃ
'
4

%	ﬂ
',-=?.;+
#
=B!+
ﬂ&%

% 
4

#X(
'
ﬂ
*
##
ﬃ
#
 


)
!
"!
#"NT/5
+
%
*"'!+0!
ﬃ
4
 =
##
ﬂ
*"+
7
" 
#
!
4

_
"!O
#
!F
%
!+IG"',-
%
! *
ﬂ
''
7
.
7
"
(
ﬂ
ﬃ
'O.0
#
3
(
'
ﬂ
*
##
ﬃ
#


)
!
"!
#
"!
 

 i
!
"!
#"N

.;.0
(
'
ﬂ
9 +0
%
!
4

#
+
%
*"'!+0!
ﬃ
4

#
=
##
ﬂ
*"+
7
"
#
=
ﬃ+*
*"=?.K*
ﬃ
.
#F4

#
%	ﬂ
,C1>'
#F4657
"9
7

%
,J
%
!
#
=
ﬃ
9
ﬂ
+
#
+
%
=
b

4
ﬃ
(
+K*
4
ﬃ

3&+
%
*"'!+;!
ﬃ
4

#ﬀ#
ﬃ
'/.;
#ﬀ(
=B'=?, G"!)'
# 4
^.;= E
ﬂ&%
*!+
ﬂ&%
4 5
=
!
ﬃ
#
!),J
%
!
4
^.;=
4
+
#
!)'+01
ﬃ
!+
ﬂ&%

%
,a=
##


"!]+
%
*"'!+0!
ﬃ
4

#f#
!=B!+
#
!+
@
ﬃ

#"N
Th5
"''
ﬃ
'
#
ﬃ
'

ﬃ
 *
 
#
!
4

i
4
=
%
#
.;O*"=
%
=?.
A


!
"!
#"N
32 32ﬃﬂ ﬂ (6 
4 ﬀ 
ﬂﬁ
4
5 5ﬃ! #" 	 &55
4
ﬁﬂﬃ $ﬃ% 
 &

T
= ,-=
##

4
ﬃ
@
ﬃ
=B'

!
ﬂ
(
+
%

ﬃ

#
ﬃ
'
#
=
#
*!+
ﬂ&%
/.a*"=?*
4

(
'
ﬂ
4
ﬃ
!+
ﬂ&%
"!
#
ﬃ
' .0
#J4
+
#
!)'+01
ﬃ
!+
ﬂ&%
#
*"+
%
7
,a=B!+
@
ﬃ

#F4

#

# (
'
ﬂ
4
ﬃ
+;!
#X4

4:7

#
+
%
!
7

b
'=B!+
ﬂ&%
ﬃ
!
"!
#"D
.0
(
!
ﬂ&%
"!
%

ﬃ
!)'+
%	ﬂ
 
N6Th5
=
%
=?. 
#
J
%
!+IG"'J
#
!
'"Ed=?+0!)
(
ﬂ
ﬃ
'
(
.
ﬃ
#
+0
ﬃ
'
#
9B=?.0
ﬃ
'
#:4
 ,
6('*),+.-
_
&


, 

ﬂ

*
0/
(
ﬂ
ﬃ
'f.0
#
+
b&%
=?."!f.;
#
E
ﬂ&%
4>#NT
=
#
*!+
ﬂ&%
/.a*"=?*^,-
#
ﬃ
'
7
"
4 7

(

%
4C4
:.;=g,-=
##

4
ﬃ
@
ﬃ
=B'

!
ﬂ
(
*
ﬂ&%
#
+
4 7
"'
7
"
NT
=

b
ﬃ
' &
NﬁﬀVN
_ 3
,
ﬂ&%
!)'A.;=X9 =B'+;=B!+
ﬂ&%
4
Z.;=M9 =?.0
ﬃ
' *
%
!)'=?.0
4


ﬃ
!
*
!  2,J
#
ﬃ
'
7
"Y
%
E
ﬂ&%
*!+
ﬂ&%
4
 .;=W,-=
##

4
ﬃ
@
ﬃ
=B'

!
ﬂ
( NcT/57
"9
ﬂ
.
ﬃ
!+
ﬂ&%
D

%
E
ﬂ&%
*!+
ﬂ&%
4
].;=O,a=
##

4
ﬃ
@
ﬃ
=B'

!
ﬂ
( DV4
X.;=
#
*!+
ﬂ&%
/.a*"=?* ,J
#
ﬃ
'
7
"
(

ﬃ
! ﬂ"!)' *
ﬂ
,
(
=B'
7
"-G=2.;=
#
*!+
ﬂ&%
/.a*"=?*a!<
7

ﬂ
'+
@
ﬃ

N 
.;=
(
"',-"!
4
-*
ﬂ&%
!)'=?+
%
4
'J.;= ,a=
##

4
ﬃ
@
ﬃ
=B'

!
ﬂ
( D
,-=?+
#F4
-,-=
%
+IG"'-,
ﬂ
+
%
#
(
'
7
*"+
#

@
ﬃ
O.0
#
,
7
"!<
ﬂ
4

#]4
2,J
#
ﬃ
'
4
+0'*!)
N
_i1
32 32ﬃﬂ  (6 
4
 
ﬀ 
ﬃﬂﬁ
4
5"
ﬀ4 4
5 9 " 5


 ﬀ
5
 ﬀ
$ﬃ
4 4
6
4
 
4 4
"
ﬀ
	
ﬀ4 4

ﬂ ﬃ
'X*"'!=?+
%
#
E
ﬂ&%
4>#D
+K. 
#
!
%
7
*
##
=?+;'
4

4
+
#)(
ﬂ
#
"'
465
ﬃ %

#
!=B!+
#
!+
@
ﬃ
O+;,
(
ﬂ
'!=
%
!)
D
.0
#
/.a*"=?*"+;!
7

#
4

#V7
.0*!+
ﬂ&%
7
"!=
%
!Z!)'"G
#
E =?+01.0
#"N 

(

%
4
=
%
!
D
*.K=
%
5

#
!
(
=
#
!
ﬂ ﬃ
!
ﬂ ﬃ
'
#-(
ﬂ
##
+01.0 *"=B'Z.0
#
'
##
ﬂ ﬃ
'*
#
+
%
E
ﬂ
',a=B!+
@
ﬃ

#:#
ﬂ&%
!].K+;,-+0!
7
"
#"N
T

#
/. *"=?*"+0!
7

#A4

(
'
7

#7
.;*!+
ﬂ&%
"!
4

#7
.0*!+
ﬂ&%
4
ﬃ
#
+
b&%
=?.3"!
4

#
1>'
ﬃ
+0!
#/4
XE
ﬂ&%
4a#
ﬂ&%
!
#

%
#
+013.;
#
=
ﬃ
%	ﬂ
,C1>'
4657
"9
7

%
,J
%
!
#C#
+;,
ﬃ
.
7

#"N

ﬂ ﬃ
'O.0
#
+
b&%
=?.e"! .;
#
E
ﬂ&%
4>#g(
'+
%
*"+
(
=
ﬃ+*
 

!
"!
#
"!
 

!
"!
#"D
.
5
+
%
"
*"'!+;!
ﬃ
4

#
ﬃ
':.
5
/.a*"=?*"+0!
7

4

(
'
7

#V7
.0*!+
ﬂ&%
4
ﬃ
#
+
b&%
=?.3
#
!
465

%
9+
ﬂ&%
,
_ 
NTh5
+
%
*"'!+;!
ﬃ
4

#
ﬃ
':.
5
/. *"=?*"+0!
7

4

#7
.0*!+
ﬂ&%
4
O*
#](
'
ﬂ
*
##
ﬃ
#
=B!)!)+
%
!
i
(
ﬂ ﬃ
'^.;
#f(
'
ﬂ
*
##
ﬃ
#
 

!
"!
#N g5

#
!
ﬃ %

4

#
+
%
*"'!+0!
ﬃ
4

#
.0
#f(
.
ﬃ
#
+;,
(
ﬂ
'!=
%
!)
#^#
ﬃ
'^.;=
#
*!+
ﬂ&%
/. *"=?* ,J
#
ﬃ
'
7
"
N
Th5
+
%
*"'!+;!
ﬃ
4

#
ﬃ
' .0
#
/.a*"=?*"+;!
7

#Y4

#V7
.0*!+
ﬂ&%

#
!-
#
!+K,
7
"
(
=B'
ﬃ %
*"=?.;*
ﬃ
.
4

(
'
ﬂ
(
=
b
=B!+
ﬂ&%
4

#
"''
ﬃ
'
#"D
.K=-9B=B'+;=B13.0C=?.
7
=B!
ﬂ
+0'
7
"!=
%
!F.0
%	ﬂ
,213'
4657
"9
7

%
,J
%
!
#F#
=B!+
#
Ed=?+
#
=
%
!
ﬃ %

%
#
,C13.0
4
C*'+;!G"'
#
4
ﬂ&%3%
7

#"N

ﬂ ﬃ
'g* *"=?.;*
ﬃ
.
D
*
ﬂ&%
#
+
4 7
"'
ﬂ&%
#
ﬃ %

%
#
,213.;
4

/
7
"9
7

%
,J
%
!
#F#
+;,
ﬃ
.
7

#g#
ﬃ
'X.;
#@
ﬃ
.
#
ﬂ&%
,J
#
ﬃ
'C+
%
4
+ "
9 +
4
ﬃ
.K.0,J
%
!
ﬃ
%
 /.a*"=?*"+;!
7

4

#V7
.0*!+
ﬂ&%
/
N 
<>=
@
ﬃ

7
"9
7

%
,J
%
!]
#
!
(
'+
#

%
*
ﬂ
,
(
!)
4
=
%
#
.
5
=
%
=?. 
#

=9?*
ﬃ
%

(
'
ﬂ
1=B13+;.;+0!
7

(
ﬂ
+
##
ﬂ&%
+0
%>%

D&4
]9B=?.0
ﬃ
' *
%
!)'=?.0
_
"!
46587
*"=B'! "!  
(

_
NVTh5
/.a*"=?*"+0!
7

4

#7
.0*!+
ﬂ&%
/

4:7

(

%
4\4
2.
57
"9
7

%
,J
%
!F*
ﬂ&%
#
+
4 7
"'
7
 3 *
%
5

#
!
(
=
#
ﬃ
%
29 =B'+K=B13.0F=?.
7
=B!
ﬂ
+0'
N
.;.;O+
%
*".
ﬃ
!A.0
#
E =?*!)
ﬃ
'
#
4
^*
ﬂ
''*!+
ﬂ&%
#
"!
4

(
ﬂ&%
4:7
"'=B!+
ﬂ&%
4

# 7
"9
7

%
,J
%
!
#A4:7
*'+0!
#/4
=
%
#
.0
#ﬀ(
=B'!+;
#ﬀ(
'
7
*
7

4

%
!)
#"N
ﬃ
%Jﬂ
1>!+0
%
!
=?.
ﬂ
'
#
.
587

b
=?.;+0!
7

#
ﬃ
+09B=
%
!)3
/
 
	




/
	





/

#
!].
5
/.a*"=?*"+;!
7
 ,
ﬂ
 ?
%3%

4

#7
.0*!+
ﬂ&%
N
	






#
!X.0
%	ﬂ
,213'
46587
"9
7

%
,-
%
!
#
*<
ﬂ
+
#
+
#A(
ﬂ
ﬃ
'f
#
!+K,J"'
.
5
/. *"=?*"+0!
7

4

#
*'+0!"G"'
#/4

#7
.;*!+
ﬂ&%
N g5

#
!
ﬃ
%

4
+
#
!)'+01
ﬃ
!+
ﬂ&%
(
ﬂ
+
##
ﬂ&%
+0
%>%

4
A,
ﬂ
 ?
%>%

/
N
	





/


#
!^.;
%	ﬂ
,213'
46587
"9
7

%
,-
%
!
#F#
=B!+
#
E =?+
#
=
%
!^.;
#
*'+0!"G"'
#X4

#V7
.0*!+
ﬂ&%
N
T
=-.
ﬂ
+
4

(
'
ﬂ
(
=
b
=B!+
ﬂ&%
4

#
"''
ﬃ
'
#"D
=
(>(
.K+
@
ﬃ
7
"YG=a*"!)!) E
ﬂ
',
ﬃ
.0
4
ﬂ&%>%
 3
ﬃ
.0
#
9B=B'+;=B1.0
#
=?.
7
=B!
ﬂ
+0'
#

(
ﬂ&%
!
(
ﬂ
ﬃ
'
7
*"=B'! "!  
(

_
(
=B'
4 7


%
+0!+
ﬂ&%
 

ﬃ/
 
 
 




(


" 
/


(
%




ﬃ

(
 
ﬃ
&
N
3
N

 
 
 




(



ﬃ/
(

	





	




/
 

ﬃ
	





 
 





ﬃ

(
 
ﬃ
&
N
3
N

 
ﬃ
&
N
3
N
_

 

ﬃ/
 
 
/
	



/


 ﬃ
	



/

 

/
&
ﬃ
&
N
3
N
_?_
 
  
  	2  
T
=-,
7
"!<
ﬂ
4
2*<
ﬂ
+
#
+0
(
ﬂ
ﬃ
'X,J
#
ﬃ
'"'^.K=
#
*!+
ﬂ&%
/. *"=?*C
#
!X*.;.0O=9?*
?
(
=B'=?, G"!)'
#g4

%
ﬃ
+
#
=
%
*
C
(
ﬃ
+
@
ﬃ
5
.;.0
(
"',J"!
4
a!)
%
+0' *
ﬂ
,
(
!)
4

#
+
%
*"'!+0!
ﬃ
4

#2#
!=B!+
#
!+
@
ﬃ

#
"!
#
 
#
!
7
,-=B!+
@
ﬃ

#"D
=?+
%
#
+
@
ﬃ

4

.0
ﬃ
'
#
*
ﬂ
''
7
.K=B!+
ﬂ&%
#

%
!)'F.0
# 4
+ 
7
"'
%
!
#
*"=
%
=
ﬃ+*
465
=
%
=?. 
#

N T

#
'
7

#
ﬃ
.0!=B!
#A#
ﬂ&%
!
(
'
7

#

%
!
7

#^(
ﬂ
ﬃ
' *<>=
@
ﬃ

*"=
%
=?.
?



!
"!
#
C
"!
CA


!
"!
#
C
+
%
4 7

(

%
4
,-,J
%
!
D (
ﬃ
+
#
*
ﬂ
,C13+
%
7

#N
_i

32   2ﬃﬂ   &6 "
4

 4	
5
T
= ,
7
"!<
ﬂ
4
 =9?*
?
(
=B'=?,YG"!)'
# 4

% ﬃ
+
#
=
%
*
C
=
(>(
.;+
@
ﬃ
7
"
ﬃ %
+
@
ﬃ
,J
%
! =
ﬃ#*
*"=
%
=
ﬃ+*
?



)
!
"!
#
C
"!
?



 i
!
"!
#
C
4
ﬂ&%>%
F.;=
#
*!+
ﬂ&%
/.a*"=?*
#
ﬃ
+09B=
%
!)3

ﬃ
!
*
!  
 
_

_


 
5

 
ﬃ
#
!=B!


#
 
#
!  $

3#ﬃ
.
ﬃ
,-+  
(
1
T
J!=B13.0=
ﬃ
&
N
_ 3
4
ﬂ&%>%
J.;=Y*
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%
4

#F4
ﬂ&%>%
7
"
#O(
ﬂ ﬃ
'F*"!)!)
#
*!+
ﬂ&%
/.a*"=?*
NeT
=

b ﬃ
' &
NﬁﬀVN
_
)
,
ﬂ&%
!)' .;= *
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%
4

#
.
ﬂ
!
#L#7
.0*!+
ﬂ&%3%
7

#

%
E
ﬂ&%
*!+
ﬂ&%
4
ﬃ %	ﬂ
,C1>'
4

!
"!
#N Th5
=?*"*
ﬂ
'
4 (
ﬂ ﬃ
'
.0
#
Ed=?+013.0
#
,
ﬃ
.0!+
(
.K+;*"+0!
7

#
,
ﬂ&%
!)'
@
ﬃ
Y.0
#
E
ﬂ&%
4>#"D
 

!
"!
#

%
(
=B'!+;*
ﬃ
.;+0"'
De#
ﬂ&%
! 13+0
%
*
ﬂ&%
!)' ﬂ
ﬂ
.
7

#N
)
i
7
"9
7

%
,J
%
!
#c#
ﬂ&%
!
#7
.;*!+
ﬂ&%>%
7

#$4
ﬂ&%
!$.0
#
)

i
#
ﬂ&%
!
4

#6(
=?+;'
# 4
/!
ﬂ
(N T

#
1>'
ﬃ
+;!
# 4
/E
ﬂ&%
4O#
/'
7

(
=B'!+
##

%
!

%


!
"!
# (
ﬂ ﬃ
'F.;=Y,
ﬂ
+0!+
7
J"!
ﬃ %
@
ﬃ
=B'!O*<3=?*
ﬃ %

%
,
ﬃ
.0!+
!
"!
#
"!O=
ﬃ
!)'
#
1>'
ﬃ
+0!
#X4
JE
ﬂ&%
4 N T
-*"=
%
=?.
?



 i
!
"!
#
C

#
!
(
'
#@
ﬃ
A
*
*".
ﬃ
#
+;9?,J
%
!:*
ﬂ&%
#
!+0!
ﬃ
7

46587
"9
7

%
,-
%
!
#
!
*
!
D
,-=?+
#
.K=O*
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%

%
E
ﬂ&%
4>#
,
ﬃ
.0!+
!
"!
#

#
!
#
ﬂ ﬃ
,-+
#
aG=
4 5
+;,
(
ﬂ
'!=
%
!)
#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#^#
 
#
!
7
,-=B!+
@
ﬃ

#"N
	


&
N
_ 3
 
	
2
"
ﬁ %/ 

 2




'
	



% 



%
	




 
ﬁ %'
 
 ﬁ  

ﬂﬁ

% 





 
$
(ﬃ! 
 (


ﬁ
	



'
	

%ﬀ

	
2
"
ﬁ %ﬁ  ﬂ

 ﬃ

'


 ﬁ

'

ﬀ %ﬁ

	

ﬀ

'

ﬀ 2

%/ 
	
ﬁ '! '


"


'
"
'

ﬀ)

'
ﬂ
*
##
ﬃ
#
_
!
"!
,
!
"!
#
)
!
"!
#
Ai
!
"!
#

ﬃ
.0!+
!
"!
#
)
N
i1
$
_
N
_
,
N
43
$
_
N
 , ,
N
&
_
$

N

ﬀ

N
 
$

N
)

 

!
"!
#
i

N

$
3
N
 ,
)
N
i
$
i
N
& &
N
i
$

N
 
N
 i
$

N
,ﬀ,
 

!
"!
# #
.
_

N
_
$

N
_
, 
N


$

N

ﬀ #
.
_

+01
ﬂ
#
ﬂ&%
#

N
343
$

N
_i _
N
)

$

N
, 
N
_
,
$

N

3
#
.
_

ﬂ
(
9
ﬂ
+0
#^#


!

N
3
)/$

N

i _
N


$

N



N
i

$

N

_

N

&/$

N

_
!
*
!

.;.

N
43
$

N

i
)
N
 
$

N
 
_
N
)

$

N

3

N
_

$

N
 ,

ﬂ
!=?. E
ﬂ&%
4>#
&
i
N
3
$
ﬀVN

))
N
&/$
i
N
3 _

N

$
_
N
)
_
N
_
$

N
i
&
!
*
!

.


!
"!
#

N
)
3
$

N

&
i
N
&
3
$

N
_ _
)
N

$

N
)
_

N
_
$

N
)

ﬂ
!=?. &&
N

$
ﬀVN

)

N
_
$
i
N
3
,
)
N

$
_
N
)
_?_
N
,
$

N
&

ﬂ&%>%
7
"
#
&

)
 _
ﬀ
_
ﬀ
jet multiplicity
1 2 3 4
n
o
. o
f t
ag
ge
d 
ev
en
ts
0
10
20
30
40
50
60 Data
QCD
W+light
Wc
Wcc
Wbb
 ll→ttbar 
VV
ττ →Z 
µµ →Z 
Single Top
 ljets→ttbar 
n
o
. o
f t
ag
ge
d 
ev
en
ts
$&%
 
&
NﬁﬀVN
_
)
(')+*,.-0/1-+2!34)+576458/96;:<643=5)+*?>@/1643
BADC
64E
C
64564*F64583G)">@3@64/4E
C
643
648H,/
C
6

2!83

-+2I5J392LK@MJ6G:<64Mﬂ/
N
)+*,.)03O2I82)+5P645Q3O2SR+5-T:U648WVX)+5

3

645YV@)+5
N
82)05

M
5)0*?>@/96

6

6483Z,.)+Mﬂ/[:<6
N
-+5-T:]\6
  
6483T^X_a`B643
C
64E
C
645b64*?645J83c-0E+6
N
Mﬂ5Z648

64M


6483=,64/4*?6488d645J8

6
E
C
64/O2 ef64/L:<6g>O)05
N
)+58/h)+:<6

643iVX)05

3@_
T

#/#
ﬂ
ﬃ
'*
#h465
"''
ﬃ
'
#/#
 
#
!
7
,-=B!+
@
ﬃ

#h(
'+
%
*"+
(
=?.0
#
9+;
%>%

%
!
4
^.;=O*
ﬂ
''*!+
ﬂ&%
4
ﬃ
!=
ﬃ#*
4
],-=
ﬃ
9B=?+
#
_
&

7"!+
@
ﬃ
"!=
b
 "!
4

#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#^#
!=B!+
#
!+
@
ﬃ

#X#
ﬃ
'].;
#^(
'
7

4
+K*!+
ﬂ&%
#

%
E
ﬂ&%
43#
,
ﬃ
.0!+
!
"!
#
"!
 

!
"!
#"N T

!=B13.;=
ﬃ
&
N
_
ﬀ
'
7
*"=
(
+0!
ﬃ
.0C.0
#
*
ﬂ&%
!)'+01
ﬃ
!+
ﬂ&%
#
b
'
ﬂ ﬃ
(:7
"
#F4

#
+
%
*"'!+0!
ﬃ
4

#]#
 
#
!
7
,-=B!+
@
ﬃ

# #
ﬃ
' .;=
#
*!+
ﬂ&%
/.a*"=?*
N6T

#
+
%
*"'!+0!
ﬃ
4

#]#
 
#
!
7
,a=B!+
@
ﬃ

#g4
ﬂ
,-+
%
=
%
!)
#]#
ﬂ&%
! .;+
7
"
#
G= .;=a,
7
*
ﬂ&%3%
=?+
##
=
%
*
4
 .
5
+
4

%
!+

"
*"=B!+
ﬂ&%
4

#
Ed=
ﬃ+*
,
ﬃ ﬂ&%
#h4
=
%
#
.0
# !
"!
#D
"! G=C.
587
"9 =?.
ﬃ
=B!+
ﬂ&%
4

#
E
ﬂ&%
4>#
,
ﬃ
.0!+
!
"!
#
G=C*"=
ﬃ
#

4

#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#
#
!=B!+
#
!+
@
ﬃ

#A#
ﬃ
'].;
#f(
=B'=?, G"!)'
#g4
O.;=J,
7
"!<
ﬂ
4

4
O.;=J,-=B!)'+K*
N
	


&
N
_
ﬀ
 


 ﬁ

'

ﬀ %ﬁ
;
ﬁ
T
 2 

'

ﬀ

% 






$
(ﬃ! 
 (

 ﬂ ﬃ
'*

ﬃ
.;.
ﬃ
(
1  




ﬃ
(
1  

 'ﬃ
(
1  

''
ﬃ
'
#
!=B!+
#
!+
@
ﬃ



,
N


"
,
N
&
ﬀ

ﬂ
''*!+
ﬂ&%
#
b
.
ﬂ
13=?.0
#]#
ﬃ
'^.;=
(
'
7

#7
.;*!+
ﬂ&%



N




N
&
3
"

N
)
3
H7
*".0
%
*<>,J
%
!



N




N
_ 3
"

N
_
&

*<	.;.;
46587

%
"'
b
+0
4

#%!
"!
#
"

N

ﬀ



N
,
i
"

N
_


7

#
ﬂ
.
ﬃ
!+
ﬂ&%

%
7

%
"'
b
+0
4

#%!
"!
#
"

N




N

"

N

)
4

%
!+

*"=B!+
ﬂ&%
"!^'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4

#%!
"!
#
"

N




N

3



N


ﬂ
',-=?.;+
#
=B!+
ﬂ&%
4

#Y7
"9
7

%
,J
%
!
#
 

!
"!
#
"

N




N
 ,



N

4

%
!+

*"=B!+
ﬂ&%
4

#
9V'=?+
#
,
ﬃ ﬂ&%
#^4
=
%
#
.0
#%!
"!
#



N




N
)& "

N
,
)
4

%
!+

*"=B!+
ﬂ&%
4

#
E =
ﬃ+*
,
ﬃ ﬂ&%
#^4
=
%
#
.0
#$!
"!
#



N
,



N


"

N

,

.
ﬃ
*!
ﬃ
=B!+
ﬂ&%
#^#
!=B!+
#
!+
@
ﬃ

#A#
ﬃ
'].K=J,
7
"!<
ﬂ
4

4
O.;=J,-=B!)'+;* "

N




N
i
) "

N
i
ﬀ
/8%
'*)
"!
/$#
B8
"

N




N


"

N

_

ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%

%
#
=9?
ﬃ
'
#]4

#
 






N
 ,



N

) "

N
_
)

!=B!+
#
!+
@
ﬃ


%
+;
4

#^#
+;,
ﬃ
.;=B!+
ﬂ&%
#



N

i



N
_
"

N
,
3

''
ﬃ
'
#
 
#
!
7
,-=B!+
@
ﬃ
O!
ﬂ
!=?.;
ﬃ
#
ﬂ
,-,-
@
ﬃ
=
4
'=B!+
@
ﬃ
 



N
,



_
N
,
i
"
_
N
 

ﬂ
!=?.
#
!=B!


#
 
#
!
ﬃ
,
7
"!<
ﬂ
4
 =9?*
?
(
=B'=?,YG"!)'
# 4

%
ﬃ
+
#
=
%
*
C
 


,
N
ﬀ,
"
,
N
&
ﬀ
32   2     &6 "
 4	
5
T
=2,
7
"!<
ﬂ
4
 =9?*
?
(
=B'=?, G"!)'
#A4

%
ﬃ
+
#
=
%
*
C
=
(>(
.K+
@
ﬃ
7
"
ﬃ
%
+
@
ﬃ
,J
%
!/=
ﬃ+*
*"=
%
=
ﬃ#* ?BA


)
!
"!
#
C
"!
?BA


 i
!
"!
#
C

%
#
,C13.0
4
ﬂ&%>%
3

ﬃ
!
*
!  
 
&

_

&

&
5

 
ﬃ
#
!=B!


#
 
#
!  $

)
ﬃ
.
ﬃ
,a+  
(
1
T
J!=B13.0=
ﬃ
&
N
_
4
ﬂ&%>%
J.;=Y*
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%
4

#F4
ﬂ&%>%
7
"
#O(
ﬂ
ﬃ
'F*"!)!)
#
*!+
ﬂ&%
/.a*"=?*
NeT
=

b
ﬃ
' &
NﬁﬀVN
_i
,
ﬂ&%
!)'h.K=^*
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%
4

#
.
ﬂ
!
#e#V7
.0*!+
ﬂ&%>%
7

#

%
E
ﬂ&%
!+
ﬂ&%
4
ﬃ
%	ﬂ
,C1>'
4

!
"!
#N T/5
=?*"*
ﬂ
'
42(
ﬂ
ﬃ
'.;
#
Ed=?+013.0
#
,
ﬃ
.0!+
(
.;+;*"+0!
7

#
,
ﬂ&%
!)'
@
ﬃ
a.0
#
E
ﬂ&%
4>#"D
 

!
"!
#
"!
 

!
"!
#

%
(
=B'!+;*
ﬃ
.;+;"'
D6#
ﬂ&%
!213+0
%
*
ﬂ&%
!)' ﬂ
ﬂ
.
7

#"N
,

7
"9
7

%
,J
%
!
#]#
ﬂ&%
!
#V7
.0*!+
ﬂ&%>%
7

#A4
ﬂ&%
!
i


#
ﬂ&%
!
4

#/(
=?+0'
#h4
]!
ﬂ
( N T

#
1>'
ﬃ
+;!
#/4
]E
ﬂ&%
4 #
]'
7

(
=B'!+
##

%
!

%
 

!
"!
#^(
ﬂ
ﬃ
'^.;=J,
ﬂ
+0!+
7
O"!^
%
9+;'
ﬂ&%
ﬃ
%
@
ﬃ
=B'!^*<>=?*
ﬃ
%

%
,
ﬃ
.;!+
!
"!
#
"!X=
ﬃ
!)'
#
1>'
ﬃ
+0!
#A4
FE
ﬂ&%
46N
T

#/#
ﬂ
ﬃ
'*
#h465
"''
ﬃ
'
#/#
 
#
!
7
,-=B!+
@
ﬃ

#h(
'+
%
*"+
(
=?.0
#
9+;
%>%

%
!
4
^.;=O*
ﬂ
''*!+
ﬂ&%
4
ﬃ
!=
ﬃ#*
4
],-=
ﬃ
9B=?+
#
7
"!+
@
ﬃ
"!=
b
 "!
4

#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#^#
!=B!+
#
!+
@
ﬃ

#X#
ﬃ
'].;
#^(
'
7

4
+K*!+
ﬂ&%
#

%
E
ﬂ&%
43#
,
ﬃ
.0!+
!
"!
#
"!
 

!
"!
#"N T

!=B13.;=
ﬃ
&
N
_

'
7
*"=
(
+0!
ﬃ
.0C.0
#
*
ﬂ&%
!)'+01
ﬃ
!+
ﬂ&%
#
b
'
ﬂ
ﬃ
(:7
"
#F4

#
+
%
*"'!+0!
ﬃ
4

#]#
 
#
!
7
,-=B!+
@
ﬃ

# #
ﬃ
' .;=
#
*!+
ﬂ&%
/.a*"=?*
N T

#
+
%
*"'!+0!
ﬃ
4

#A#
 
#
!
7
,a=B!+
@
ﬃ

#]4
ﬂ
,-+
%
=
%
!)
#]#
ﬂ&%
!X.0
#
,	ﬂ,J
#X@
ﬃ

(
'
7
*
7

4
,-,J
%
!
N
32   29> 	
4
5 ﬃ"



5 
&
	
 ﬀ
6
4
5
T
=Y,
7
"!<
ﬂ
4
 =9?*
?
(
=B'=?, G"!)'
#24

%
ﬃ
+
#
=
%
*
C
=
(>(
.K+
@
ﬃ
7
" =
ﬃ+*
@
ﬃ
=B!)' *"=
%
=
ﬃ+*
4
ﬂ&%3%
 .;C'
7

#
ﬃ
.0!=B!
#
ﬃ
+09 =
%
! 3
_
&
_
	


&
N
_
 
	
2
"
ﬁ %/ 

 2




'
	



% 



%
	




 
ﬁ %'
 
 ﬁ  

ﬂﬁ

% 






$A
ﬃ! ﬂ
 (


ﬁ
	



'
	

%ﬀ

	
2
"
ﬁ  %ﬁ+ ﬂ

 H

'


 ﬁ

'

ﬀ %ﬁ
 
	

ﬀ

'

ﬀ 2

%/ 
	
ﬁ '! '


"


'
"
'

ﬀ)

'
ﬂ
*
##
ﬃ
#
_
!
"!
,
!
"!
#
)
!
"!
#
Ai
!
"!
#

ﬃ
.0!+
!
"!
#
)
N
_
)/$

N
,
_ _
N
,
&/$

N
i1 _
N

$

N
)
3
,
N
_
&/$

N
i>_
 

!
"!
#
&)
N
_
$
ﬀVN
&
,
i
N
3
$
i
Nﬁﬀ
3
N
_
$
_
N
_ _
N
_ 3
$

N
,
 

!
"!
#
_

N
3
$
_
N


N
)/$

N
&
,
N
&

$

N
i1

N

&/$

N
,
i

+01
ﬂ
#
ﬂ&%
#

N

$

N
_
ﬀ
_
N
)
i
$

N
, 
N
_
&/$

N

ﬀ #
.
_

ﬂ
(
9
ﬂ
+0
#^#


!

N
3

$

N

i _
N
 
$

N

ﬀ

N
&
i
$

N

)

N

ﬀ
$

N

_
!
*
!

.;.

N
,

$

N
 ,
_
N
3

$

N

i

N
3

$

N

)

N
 
$

N

_

ﬂ
!=?. E
ﬂ&%
4>#
3 
N
&/$
ﬀVN
& )

N

$
i
N
 _?_
N

$
_
N
,
i
N
i
,
$

N
&
3
!
*
!

.


!
"!
#

N
_?_
$

N
 ,
_
N
3

$

N


&
Nﬁﬀ
$

N
_ i
N

3
$

N
_i

ﬂ
!=?.
3 
N
3
$
ﬀVN
&
i

Nﬁﬀ
$
i
N
 _ 3
Nﬁﬀ
$
_
N
, 
N
i
$

N
3

ﬂ&%>%
7
"
#
3 i i
&
,
_
ﬀ
jet multiplicity
1 2 3 4
n
o
. o
f t
ag
ge
d 
ev
en
ts
0
10
20
30
40
50
60
70 Data
QCD
W+light
Wc
Wcc
Wbb
 ll→ttbar 
VV
ττ →Z 
µµ →Z 
Single Top
 ljets→ttbar 
n
o
. o
f t
ag
ge
d 
ev
en
ts
$&%
 
&
NﬁﬀVN
_iZ(')+*,.-0/1-+2!34)+576458/96;:<643=5)+*?>@/1643
BADC
64E
C
64564*F64583G)">@3@64/4E
C
643
648H,/
C
6

2!83

-+2I5J392LK@MJ6G:<64Mﬂ/
N
)+*,.)03O2I82)+5P645Q3O2SR+5-T:U648WVX)+5

3

645YV@)+5
N
82)05

M
5)0*?>@/96

6

6483c,.)+Mﬂ/a:<6
N
-+5-T: \
 	
^ _ `B643
C
64E
C
645b64*?645J83c-0E+6
N
Mﬂ5Z648

64M


6483=,64/4*?6488d645J8

6
E
C
64/O2 ef64/L:<6g>O)05
N
)+58/h)+:<6

643iVX)05

3@_
	

H
&
N
_

 


 ﬁ

'

ﬀ %ﬁ
G
ﬁ
T
 2

'

ﬀi

% 






$A
ﬃ! ﬂ
 (


ﬂ
ﬃ
'*

ﬃ
.;.
ﬃ
(
1  




ﬃ
(
1  

 'ﬃ
(
1  

''
ﬃ
'
#
!=B!+
#
!+
@
ﬃ



,
N

_
"
,
N
&
3

ﬂ
''*!+
ﬂ&%
#
b
.
ﬂ
13=?.0
#]#
ﬃ
'^.;=
(
'
7

#7
.;*!+
ﬂ&%



N




N
i

"

N
,
H7
*".0
%
*<>,J
%
!



N




N
,
3
"

N
_
,

*<	.;.;
46587

%
"'
b
+0
4

#%!
"!
#



N

_



N
)
_
"

N
_ 3

7

#
ﬂ
.
ﬃ
!+
ﬂ&%

%
7

%
"'
b
+0
4

#%!
"!
#
"

N




N

"

N

3
4

%
!+

*"=B!+
ﬂ&%
"!^'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4

#%!
"!
#
"

N




N
_
&



N


ﬂ
',-=?.;+
#
=B!+
ﬂ&%
4

#Y7
"9
7

%
,J
%
!
#
 

!
"!
#
"

N

_



N
)) "

N
))
4

%
!+

*"=B!+
ﬂ&%
4

#
9V'=?+
#
,
ﬃ
ﬂ&%
#^4
=
%
#
.0
#%!
"!
#



N




N
,
i
"

N
_
,
4

%
!+

*"=B!+
ﬂ&%
4

#
E =
ﬃ+*
,
ﬃ
ﬂ&%
#^4
=
%
#
.0
#$!
"!
#
"

N
)



_
N
3
& "
_
N
&


.
ﬃ
*!
ﬃ
=B!+
ﬂ&%
#^#
!=B!+
#
!+
@
ﬃ

#A#
ﬃ
'].K=J,
7
"!<
ﬂ
4

4
O.;=J,-=B!)'+;* "

N




N
i1
"

N
&)
/8%
'*)
"!
/
$#
B8
"

N




N

3
"

N
 

ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%

%
#
=9?
ﬃ
'
#]4

#
 






N
 ,



N
i
) "

N
i 3

!=B!+
#
!+
@
ﬃ


%
+;
4

#^#
+;,
ﬃ
.;=B!+
ﬂ&%
#
"

N
_
,



N
_

"

N
43

''
ﬃ
'
#
 
#
!
7
,-=B!+
@
ﬃ
O!
ﬂ
!=?.;
ﬃ
#
ﬂ
,-,-
@
ﬃ
=
4
'=B!+
@
ﬃ
 "

N
i
&


,
N
_?_
"
_
N

)

ﬂ
!=?.
#
!=B!


#
 
#
!
ﬃ
,
7
"!<
ﬂ
4
 =9?*
?
(
=B'=?,YG"!)'
# 4

%
ﬃ
+
#
=
%
*
C
 


)
N
)& "
,
N

ﬀ
_
&
,

ﬃ
+*
 
 


i


 &
5

  
ﬃ
 
-



  
 $

&
ﬃ

 

	

 '
7

#
ﬃ
.;!=B!X
#
!F*
ﬂ
,
(
=B'
7
HG=Y*.
ﬃ
+
4

#
=
ﬃ
!)'
#
,J
#
ﬃ
'
#g4


ﬃ
!
*
!  A
%
=
%>%

*

^N T

#
+
%
*"'!+0!
ﬃ
4

#X#
!= "
!+
#
!+
@
ﬃ

#
"!
#
 
#
!
7
,-=B!+
@
ﬃ

#]#
ﬂ&%
!]+;,
(
ﬂ
'!=
%
!)
#^4
=
%
#
*2*"=
%
=?.
(
=B'^'=
(>(
ﬂ
'!^=
ﬃ+*
=
ﬃ
!)'
#
,J
#
ﬃ
'
#]4
=
%
#
.0O*"=
%
=?.
?
.0
(
!
ﬂ&%


!
"!
#
C

%
'=?+
#
ﬂ&%
4

#
,
ﬂ
+
%
#
1
ﬂ&%3%

#f(
"'E
ﬂ
',-=
%
*
#A4
O.
57
"!+
@
ﬃ
"!=
b

4

#%!
"!
#
	
N
T
A!=B13.0=
ﬃ
&
N
,
4
ﬂ&%>%
^.;= *
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%
4

#/4
ﬂ&%>%
7
"
#ﬀ(
ﬂ ﬃ
'ﬀ*"!)!)
#
*!+
ﬂ&%
/.a*"=?*
NT
=

b ﬃ
' &
NﬁﬀVN
_
&
,
ﬂ&%
!)' .;=a*
ﬂ
,
(
ﬂ
#
+;!+
ﬂ&%
4

#
.
ﬂ
!
#g#V7
.0*!+
ﬂ&%>%
7

#

%
E
ﬂ&%
!+
ﬂ&%
4
ﬃ %	ﬂ
,C1>'
4

!
"!
#"N
3


4

#\7
"9
7

%
,J
%
!
#
7
"!+
@
ﬃ
"!
7

#f#
ﬂ&%
!
4

#/(
=?+0'
#/4
]!
ﬂ
( NT

#
E
ﬂ&%
4>#ﬀ(
'+
%
*"+
(
=
ﬃ#*
 

!
"!
#"D
,
ﬃ
.0!+
!
"!
#
"!
 

!
"!
#
'
(
'
7

#

%
!)
%
!
'
(
*!+09?,-
%
!
,

D
_


"! &

4

#Y7
"9
7

%
,J
%
!
# #7
.0*!+
ﬂ&%>%
7

#"N
	


&
N
,

 
	
2
"
ﬁ %/  

 2
=
"


'
	



% 



%
	




 
ﬁ  %4'
 
ﬁ;  

 ﬁ

 % 







	
2
"
'


$
 ﬃ! 
 (


ﬁ
	



'
	

%ﬀ

	
2
"
ﬁ  %ﬁ! ﬂ

+H

'


 ﬁ

'

ﬀ %ﬁ

	

ﬀ

'

ﬀ 2

%/ 
	
ﬁ '! '


"


'
"
'

ﬀ)

'
ﬂ
*
##
ﬃ
#
_
!
"!
,
!
"!
#
)
!
"!
#
i
!
"!
#

ﬃ
.;!+
!
"!
#
3
N
3
$
_
N
,
i
N
_?_
$
_
N
_
) )
N
&

$

N

i
,
N
,
i
$

N
&
ﬀ
 

!
"!
#
_
 ,
N

$
_

N
_ i
ﬀVN

$
3
N
&
_?_
N
)/$
_
N
i _
N


$

N
))
 

!
"!
#
_

N
3
$
_
N


N
&/$

N
&
,
N
343
$

N
&
, 
N

&/$

N
,
i

+01
ﬂ
#
ﬂ&%
#
_
N
&
ﬀ
$

N
,ﬀ, ,
N
3
)/$

N
)


N
,
ﬀ
$

N
_
,
#
.
_

ﬂ
(
9
ﬂ
+;
#]#


!
_
N
,
)/$

N

3
)
Nﬁﬀﬀ
$

N
_
,
_
N

)/$

N

)

N
_
,
$

N
 ,
!
*
!

.;.
_
N
_
ﬀ
$

N

i 3
N

$

N
_
,
N
_i
$

N

3

N
)

$

N
 ,

ﬂ
!=?. E
ﬂ&%
4>#
_
,
)
N
,
$
_

N
)
ﬀ
,
N

$
3
N
3
,
_
N

$
_
N

&
N
i
$

N

!
*
!

.


!
"!
#

N
i

$

N

&
3
N
3
$

N
, ,
N
,
$

N
)
_ 3
N
&/$

N
)

ﬂ
!=?.
_
,
)
Nﬁﬀ
$
_

N
)
ﬀ

N
&/$
3
N
3 i>_
N
,
$
_
N

,ﬀ,
N

$

N


ﬂ&%>%
7
"
#
_
,
)

) )

,
i
jet multiplicity
1 2 3 4
n
o
. o
f t
ag
ge
d 
ev
en
ts
0
20
40
60
80
100
120 DataQCD
W+light
Wc
Wcc
Wbb
 ll→ttbar 
VV
ττ →Z 
µµ →Z 
Single Top
 ljets→ttbar 
n
o
. o
f t
ag
ge
d 
ev
en
ts
$&%
 
&
NﬁﬀVN
_
&
(')+*,.-0/1-+2!34)+576458/96;:<643=5)+*?>@/1643
BADC
64E
C
64564*F64583G)">@3@64/4E
C
643
648H,/
C
6

2!83

-+2I5J392LK@MJ6G:<64Mﬂ/
N
)+*,.)03O2I82)+5P645Q3O2SR+5-T:U648WVX)+5

3

645YV@)+5
N
82)05

M
5)0*?>@/96

6

6483 ,.)+Mﬂ/8 )+Mﬂ3:<643
N
-05-+M

N
)+*U>@2!5
C
643@_
` 643
C
64E
C
645b64*F64583 -+E+6
N
M.5 648

64M


6483&,64/O*F6488d6458

6WE
C
64/42 e 64/L:<6L>9)+5
N
)+5J8/h)T:<6

643iVX)+5

3@_
T

#/#
ﬂ
ﬃ
'*
#h465
"''
ﬃ
'
#/#
 
#
!
7
,-=B!+
@
ﬃ

#h(
'+
%
*"+
(
=?.0
#
9+;
%>%

%
!
4
^.;=O*
ﬂ
''*!+
ﬂ&%
4
ﬃ
!=
ﬃ#*
4
],-=
ﬃ
9B=?+
#
7
"!+
@
ﬃ
"!=
b

ﬃ 


 
D
"!
4

#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#2#
ﬃ
'2.0
#2(
'
7

4
+;*!+
ﬂ&%
#

%
E
ﬂ&%
4>#
,
ﬃ
.;!+
!
"!
#
ﬃ
)


 F"!
 

!
"!
#
_
&)
ﬃ,

 
(
ﬃ
+
#@
ﬃ
-.;
%
+09?=
ﬃ
4
 *
#
E
ﬂ&%
43#

#
!
ﬂ
13!)
% ﬃ
(
=B'
ﬃ %

%	ﬂ
',-=?.K+
#
=B!+
ﬂ&%
#
ﬃ
'C.0
#O4
ﬂ&%>%
7
"
#"D
.;.0
#
"
,	ﬂ,J
#\#
ﬂ ﬃ
,-+
#

#
G=
4

#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#Y#
!=B!+
#
!+
@
ﬃ

#"N^T
 !=B13.0=
ﬃ
&
N
,
_
'
7
*"=
(
+0!
ﬃ
.0 .0
#
*
ﬂ&%
!)'+01
ﬃ
!+
ﬂ&%
#
b
'
ﬂ ﬃ
(:7
"
#ﬀ4

#
+
%
*"'!+0!
ﬃ
4

#e#
 
#
!
7
,-=B!+
@
ﬃ

#ﬀ#
ﬃ
'ﬀ.;=
#
*!+
ﬂ&%
/.a*"=?*
NT
=

b ﬃ
' &
NﬁﬀVN
_ 3
,
ﬂ&%
!)'A.
5
+
%

ﬃ

%
*
4
 .;=Y,-=
##

4
ﬃ
@
ﬃ
=B'

!
ﬂ
( #
ﬃ
'F.0
#F#
*!+
ﬂ&%
#
/.a*"=?*
#
,J
#
ﬃ
'
7
"J"!g!<
7

ﬂ
'+
@
ﬃ

N

+
%
#
+
D3(
ﬂ ﬃ
'

,
6('*)
 
, 
  *
 D
.K=
#
*!+
ﬂ&%
/.a*"=?*Y9B=B'+0
4

_
N
&

NcT
=W,-=
##

4
ﬃ
@
ﬃ
=B'

!
ﬂ
( @
ﬃ
Z.
5
ﬂ&%
(

ﬃ
!
4 7

4
ﬃ
+0'
4

*"!)!)

b ﬃ
'F
#
!
4
2,
6('*)
 
_
ﬀ
,
$ ,
_
)

  *

N
	


&
N
,
_  


 ﬁ

'

ﬀ %ﬁ
;
ﬁ
T
 2 

'

ﬀ

% 



%ﬁ"ﬀ




ﬀ

%/ 

 ﬂﬁ



	
2
"
'




 ﬂ ﬃ
'*

ﬃ
.;.
ﬃ
(
1  




ﬃ
(
1  

 'ﬃ
(
1  

''
ﬃ
'
#
!=B!+
#
!+
@
ﬃ



,
N


"
,
N
&
ﬀ

ﬂ
''*!+
ﬂ&%
#
b
.
ﬂ
13=?.0
#]#
ﬃ
'^.;=
(
'
7

#7
.;*!+
ﬂ&%



N




N
,
"

N
,ﬀ,
H7
*".0
%
*<>,J
%
!



N




N
_
) "

N
_
ﬀ

*<	.;.;
46587

%
"'
b
+0
4

#%!
"!
#
"

N

)



N
,ﬀ,
"

N
_i

7

#
ﬂ
.
ﬃ
!+
ﬂ&%

%
7

%
"'
b
+0
4

#%!
"!
#
"

N




N

) "

N

4

%
!+

*"=B!+
ﬂ&%
"!^'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4

#%!
"!
#
"

N

_



N
_
ﬀ



N
_
,

ﬂ
',-=?.;+
#
=B!+
ﬂ&%
4

#Y7
"9
7

%
,J
%
!
#
 

!
"!
#



N

_



N

3



N

ﬀ
4

%
!+

*"=B!+
ﬂ&%
4

#
9V'=?+
#
,
ﬃ ﬂ&%
#^4
=
%
#
.0
#%!
"!
#



N




N
,

"

N
,
4

%
!+

*"=B!+
ﬂ&%
4

#
E =
ﬃ+*
,
ﬃ ﬂ&%
#^4
=
%
#
.0
#$!
"!
#



N
_


_
N

_
"

N

i

.
ﬃ
*!
ﬃ
=B!+
ﬂ&%
#^#
!=B!+
#
!+
@
ﬃ

#A#
ﬃ
'].K=J,
7
"!<
ﬂ
4

4
O.;=J,-=B!)'+;* "

N
 ,



N
)
ﬀ
"

N
i

/8%
'*)
"!
/$#
B8
"

N




N

"

N
_


ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%

%
#
=9?
ﬃ
'
#]4

#
 






N




N
_
) "

N
,
&

!=B!+
#
!+
@
ﬃ


%
+;
4

#^#
+;,
ﬃ
.;=B!+
ﬂ&%
#



N

_



N
)

"

N
)
,

''
ﬃ
'
#
 
#
!
7
,-=B!+
@
ﬃ
O!
ﬂ
!=?.;
ﬃ
#
ﬂ
,-,-
@
ﬃ
=
4
'=B!+
@
ﬃ
 



N
,


_
N
,
& "
_
N
_ 3

ﬂ
!=?.
#
!=B!


#
 
#
!
ﬃ
,
7
"!<
ﬂ
4
 =9?*
?
(
=B'=?,YG"!)'
# 4

%
ﬃ
+
#
=
%
*
C
 


,
N
,
3
"
,
N

&
Top Mass (GeV)
150 160 170 180 190 200
 
(p
b)
tt
σ
0
2
4
6
8
10
12
14
16 =175 GeVtop at m+Xt t→ppσ
Total uncertainty
Kidonakis et al.
Theoretical uncertainty
 
(p
b)
tt
σ
$&%
 
&
NﬁﬀVN
_ 3G
 
6
N
82)+5
6
N
-
N
6
 
8	
C
6X)+/O2K@MJ6
 `
648&3X6
N
82)05Q6
N
-
N
6
 
*F6439Mﬂ/
C
6 6645
VX)05
N
82)+5

6
:S-
*U-+393@6

M;K@M-+/

8 )4,b_
  
       	 ﬀ     
32  32ﬃﬂ 
4
5ﬃ! 
4
ﬁ
4
"
  4
   
ﬀ 4
ﬁ
  4	ﬀ
$ﬃ
4 

 4
T
= ,
7
"!<
ﬂ
4

ﬃ
!+;.K+
#V7
"
4
=
%
#
.
5
=
%
=?. 
#
 '*<	"'*<	 
*
(
.K+;*"+0!),J
%
!
ﬃ
%
,
ﬃ
ﬂ&%
4
=
%
#
ﬃ
%
!
"!
N 
"!)!)
4:7
,-=B'*<	
D
=
(>(
'
ﬂ
ﬃ
9
7
"
(
ﬂ
ﬃ
'6.0
#
=
%
=?.  
#

#4
/.
5

*
(:7
"'+0
%
*
 D
=].
5
+
%
*
ﬂ&%
9
7

%
+;
%
!
4
ﬀ'
7

4
ﬃ
+0'/*
ﬂ&%
#
+
4 7
"'=B13.0,-
%
!
_
&
i
.;=
#
!=B!+
#
!+
@
ﬃ

b
7

%
7
"'
7
"
(
ﬂ ﬃ
':.0
#:(
'
ﬂ
*
##
ﬃ
#
*
ﬂ
,
(
ﬂ
'!=
%
!
4

#
!
"!
#
.
7

b
"'
#"D
 

!
"!
#
.
7

b
"'
#
%	ﬂ
!=?,-,J
%
!
N
T

#O(
'
ﬂ
1.dG,J
#
+
%
*
ﬂ
,
(
'+
#F4
a'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
#
ﬂ&%
!2*
ﬂ
,
(

%
#7

#C(
=B'2.
5
+
%
!)'
ﬂ
4
ﬃ
*!+
ﬂ&%
4
-Ed=?*!)
ﬃ
'
#
*
ﬂ
' "
'*!+;E
#"N
T
=
(
'
ﬂ
*
7

4
ﬃ
'
(
'
ﬂ
(
ﬂ
#7
"\+K*"+A*
ﬂ&%
#
+
#
!) 
% ﬃ %

(
ﬂ&%
4 7
"'=B!+
ﬂ&%
4

# 7
"9
7

%
,J
%
!
# #
+;,
ﬃ
.
7

#
 

!
"!
#"D

%
E
ﬂ&%
*!+
ﬂ&%
4
 .;=
(
'
ﬂ
1=B13+;.;+0!
7

4 587
"!+
@
ﬃ
"!=
b

4

# !
"!
# 4
Z.
587
"9
7

%
,J
%
!
N 

#C(
ﬂ
+
4>#"D
=
(3(
.
7

# 
ﬀ 
(
ﬂ ﬃ
'
 
ﬀ
ﬂ 




ﬃ	



	


D #
ﬂ&%
!2*"=?.;*
ﬃ
.
7

#O4
+0'*!),-
%
! G=
(
=B'!+0'
4

#O4
ﬂ&%3%
7
"
#"N T
=H,
7
"!<
ﬂ
4

ﬃ
!+;.;+
#

.
5
<  
(
ﬂ
!<6G
#

#
+;,
(
.;+

*"=B!)'+;*
#
ﬃ
+09B=
%
!) 3.0
#h#
=9?
ﬃ
'
#
.
ﬂ ﬃ
'
4

#
ﬃ
@
ﬃ
=B'

#
1 "! *  
#
ﬂ&%
!
(
'+
%
*"+
(
=?.0,J
%
!
(
'
ﬂ
"
4
ﬃ
+0!)
#ﬀ(
=B'
(
=?+0'
#
"!
(
=B'f+
%
!)"'=?*!+
ﬂ&%
E
ﬂ
'!)
N 
.;.0^=
(
ﬂ ﬃ
'h*
ﬂ&%
#7

@
ﬃ

%
*
@
ﬃ

D(
ﬂ ﬃ
'
4

#
*"=B'=?*!
7
"'+
#
!+
@
ﬃ

#
*"+
%
7
,a=B!+
@
ﬃ

#
+
4

%
!+
@
ﬃ

#"D
.0
# !
"!
#
+
##
ﬃ
#^4

#^(
'
ﬂ
*
##
ﬃ
#
,
ﬃ
.0!+
!
"!
#
ﬂ ﬃ
 

!
"!
#
ﬂ&%
!g.;=-,	ﬂ,J *
ﬂ
,
(
ﬂ
"
#
+;!+
ﬂ&%

%
#
=9?
ﬃ
'
#
.
ﬂ ﬃ
'
4

#"N

+
%
#
+
D
!
ﬂ ﬃ
!
ﬂ ﬃ
'
#X(
ﬂ ﬃ
'
4

#
*"=B'=?*!
7
"'+
#
!+
@
ﬃ

#
*"+
%
7
,-=B!+
@
ﬃ

#
+
4

%
!+
@
ﬃ

#D
ﬃ %
!
"!^+
##
ﬃ
4

(
'
ﬂ
*
##
ﬃ
#
,
ﬃ
.0!+
!
"!
#
ﬂ ﬃ
 

!
"!
#
ﬂ&%
!X.;=J,	ﬂ,-
(
'
ﬂ
13=B1+;.;+0!
7

465
ﬂ"!)'
7
"!+
@
ﬃ
"!
7

#"N

"!)!)
(
'
ﬂ
13=B1+;.;+0!
7
A+
%
*".
ﬃ
#
+09?
46587
"!+
@
ﬃ
"!=
b

D
ﬂ ﬃ
 
ﬀ 
D

#
!h*"=?.K*
ﬃ
.
7
"X*
ﬂ
,-,-X.0
(
'
ﬂ
4
ﬃ
+0!
4

4

ﬃ+*
  "!
#
+
%
4 7

(

%
4
=
%
!
#
3



ﬃ
(

	
6






 
 
 ﬃ
(

	




 

ﬃ




 
T
=-E
ﬂ&%
*!+
ﬂ&%


#
!g.;+
7
"C=
ﬃ+*
*"=B'=?*!
7
"'+
#
!+
@
ﬃ

#
*"+
%
7
,-=B!+
@
ﬃ

#g4
ﬃ
!
"!
D
"! .;=JE
ﬂ&%
*!+
ﬂ&%

G=a.
5
=?*"*
(
!=
%
*
b
7

ﬂ
,
7
"!)'+
@
ﬃ

4

#
*<>=?,213'
#
G=X,
ﬃ
ﬂ&%
#"N 

#ﬀ 
ﬀ ﬁ
ﬂ&%
!
7
"!
7
^,-
#
ﬃ
'
7
"
#ﬀ#
ﬃ
'
4

#c4
ﬂ&%>%
7
"
#
,
ﬃ
.0!+
!
"!
#
=  &=
%
!
=
ﬃ
,-+
%
+;,
ﬃ
, !)'
ﬂ
+
# !
"!
#
=

%
4

#
C'=
(>(
'
ﬂ
*<	"'
4
ﬃ
*"=
4
'
4
C.;=-,-
#
ﬃ
'
N3T

# 
b
ﬃ
'
#
&
N

N
_
ﬀ
"!&
N

N
_
'
(
'
7

#

%
!)
%
! .;
#ﬂ 
ﬀ 

%
E
ﬂ&%
*!+
ﬂ&%
4

(

	


D



"!



N 

#h(
'
ﬂ
13=B13+K.;+0!
7

#ﬀ46587
"!+
@
ﬃ
"!=
b

(
=B' ,
ﬃ
ﬂ&%
#
#
ﬂ&%
!
(
.
ﬃ
#
E =?+;13.0
#
G=


ﬁﬃ
& '=
4
"!YG= 




ﬃ

& 
%
'=?+
#
ﬂ&%
4
-.K=H*
ﬂ
ﬃ
9?"'!
ﬃ
'
%	ﬂ&%
ﬃ
%
+0E
ﬂ
',J
4

#
*<>=?,213'
#
G= ,
ﬃ
ﬂ&%
#"N3T
=a*
ﬂ
ﬃ
'1 
4

4
'
ﬂ
+;!)2,
ﬂ&%
!)'
ﬃ
%
2*"=
##
ﬃ
'
4
2.K=
(

%
!)YG=
("!



ﬃ
ﬀ
 
  *
N 
%
  "!
D
G=2E =?+;13.0]+;,
(
ﬃ
.
#
+
ﬂ&%
!)'=
%
#
9?"'
#

D
.0
# !
"!
#J7
"!+
@
ﬃ
"!
7

#
	
#
ﬂ&%
!:
%
,a=
!
ﬂ
'+;!
7

4

# !
"!
#:#
,-+K.0
(
!
ﬂ&%
+
@
ﬃ

#"N
Th5
/.a*"=?*"+0!
7

4 587
"!+
@
ﬃ
"!=
b

4
C*
#]4
"'
%
+0"'
#
=B!)!)+
%
!
ﬃ
%
(
.;=B!)=
ﬃ
G=
(
!



ﬃ
ﬀ
 
  * *
ﬂ
,-,J .02,
ﬂ&%
!)'
.;=

b
ﬃ
' &
N
)
N

(
ﬃ
+
#@
ﬃ

D
G= *
# 7

%
"'
b
+0
#"D
.0 ,
ﬃ
ﬂ&%
4
=
%
#
.;
!
"!
#
=B!+
#
Ed=?+0!Z=?.
ﬂ
'
#
G= !
ﬂ
ﬃ
#
.;
#
*'+;!G"'
#
4

#V7
.0*!+
ﬂ&%
N$#
b
'=
%
4
\+;,
(
ﬃ
.
#
+
ﬂ&%
!)'=
%
#
9?"'
#

D
.
5
/.a*"=?*"+0!
7

46587
"!+
@
ﬃ
"!=
b

4

# !
"!
#a#
,-+K.0
(
!
ﬂ&%
+
@
ﬃ

#
4:7

(

%
4L(

ﬃ
4
a.
5
+;,
(
ﬃ
.
#
+
ﬂ&%
!)'=
%
#
9?"'
#

4
ﬃ
!
"!
N 

(

%
4
=
%
!
D
.
5
/.a*"=?*"+;!
7
Y+
%
*".
ﬃ
#
+09?
4657
"!+
@
ﬃ
"!=
b

4

#
!
"!
#
=
ﬃ
b
,J
%
!)JG= *"=
ﬃ
#

4

#
,-=
ﬃ
9B=?+
#

#
'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
#
"!A+
4

%
!+

*"=B!+
ﬂ&%
# 4
X,
ﬃ
ﬂ&%
#
3*
#
  "!
#f#
ﬂ&%
!
(
.
ﬃ
#
'=B'
#
*
5

#
!
(
ﬂ
ﬃ
'
@
ﬃ
ﬂ
+ .;=
(

%
!)
4
C.;=J*
ﬂ
ﬃ
'1  
#
!
(
.
ﬃ
#
E =?+;13.0
N
T

#:(
'
ﬂ
13=B13+K.;+0!
7

#
,
ﬂ
 ?
%>%

#A4657
"!+
@
ﬃ
"!=
b

(
ﬂ
ﬃ
'f.0
#-7
"9
7

%
,J
%
!
#%


!
"!
#A#
ﬂ&%
!:*
ﬂ
,
(
=B!+013.0
# (
ﬂ
ﬃ
'
.0
#g4

ﬃ+*
#
=9?
ﬃ
'
# 4
 .0
(
!
ﬂ&%
#N 
.K.0
#X#
ﬂ&%
! *
ﬂ
,21+
%
7
"
#
=

%
4
C'
7

4
ﬃ
+0'C.
5
"''
ﬃ
'
#
!=B!+
#
!+
@
ﬃ
C"!
#
ﬂ&%
!F.0
#
#
ﬃ
+09 =
%
!)
#"N 

#c(
'
ﬂ
13=B13+;.;+;!
7

#
,
ﬂ
 ?
%>%

#/4 587
"!+
@
ﬃ
"!=
b

#
ﬂ&%
!
4

,
N

)/$

N

)

(
ﬂ
ﬃ
'c.;f*"=
%
=?.'&).


)
!
"!
#)(
"!
,
Nﬁﬀ

$

N

ﬀ

(
ﬂ
ﬃ
'$.0f*"=
%
=?.*&).


^i
!
"!
#)( N 
"!)!)
%	ﬂ
ﬃ
9?.K.0
(
'
ﬂ
*
7

4
ﬃ
'
4
ﬂ&%3%

4

#
'
7

#
ﬃ
.0!=B!
#
*
ﬂ
,
(
=B!+;13.0
#
"!
(
.
ﬃ
#c(
'
7
*"+
#/@
ﬃ
^*
ﬃ+*
ﬂ
1>!)
%
ﬃ
#ﬀ(
=B' .;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
4
+;'*!)3&.0
#c(
'
ﬂ
1=B13+;.;+0!
7

#
,
ﬂ
 ?
%>%

# 46587
"!+
@
ﬃ
"!=
b

(
ﬂ
ﬃ
'ﬀ.0
# 7
"9
7

%
,J
%
!
#+%


!
"!
#C7
"!=?+0
%
!
4

_
Nﬁﬀ
&/$

N
,

(
ﬂ
ﬃ
'ﬀ.0^*"=
%
=?.,&).


)
!
"!
#)(
"!
,
N
_

$

N
i1
(
ﬂ
ﬃ
'
.0O*"=
%
=?.&).


Ai
!
"!
#)( N


(

%
4
=
%
!
D
.
5
<  
(
ﬂ
!<6G
#

#
ﬃ
'^.;= *
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%

%
#
=9?
ﬃ
'
#

#
!]+
%

*
=?*!)
(
ﬃ
+
#@
ﬃ
g.;=
(
'
ﬂ
4
ﬃ
*!+
ﬂ&%
4

#
= "
9?
ﬃ
'
#
.
ﬂ
ﬃ
'
4

#^4
=
%
#
.0
#^(
'
ﬂ
*
##
ﬃ
#%


!
"!
#
%

(
'
ﬂ
9+;
%
!
(
=
#

*
*".
ﬃ
#
+09?,-
%
!
4
2.
5
+
%
!)"'=?*!+
ﬂ&%
E
ﬂ
'!) 3
.;=
(
'
ﬂ
4
ﬃ
*!+
ﬂ&%
4

@
ﬃ
=B'

*
#

ﬃ
.
%
5

*
+
#
!)
(
=
#^4
=
%
#
.0
#A(
'
ﬂ
*
##
ﬃ
#
,
ﬃ
.0!+
!
"!
#
"!^
#
!
#(:7
*"+
3@
ﬃ
O=
ﬃ
E
ﬂ&%
4
%


!
"!
#"N 

(
'
ﬂ
*
##
ﬃ
#
'
(
'
7

#

%
!)
ﬃ
%

(
=B'!
4
g.;=
(
'
ﬂ
4
ﬃ
*!+
ﬂ&%

%
#
=9?
ﬃ
'
#
.
ﬂ
ﬃ
'
4

#
+
%
4 7

(

%
4
=
%
!)
4
ﬃ
%	ﬂ
,C1>'
4

!
"!
#F#
ﬃ
(>(
.
7
,J
%
!=?+0'
#"N 
*"+c*
ﬂ&%
4
ﬃ
+;! G=
4

# 4
+ 
7
"'
%
*
# 4
=
%
#
.;=Z*
ﬂ
,
(
ﬂ
#
+0!+
ﬂ&%

%
#
=9?
ﬃ
'
#
.
ﬂ
ﬃ
'
4

#g465

%
9 +0'
ﬂ&%
_


-
&

/
"!
@
ﬃ
+
#
ﬂ&%
!F*
ﬂ
,
(
!
7
"
#
*
ﬂ
,-,J "''
ﬃ
'
#
 
#
!
7
,-=B!+
@
ﬃ

#
ﬃ
'g.;=
(
'
ﬂ
13=B13+;.;+;!
7

_
&&
φ
0 1 2 3 4 5 6
Ta
gg
in
g 
ef
fic
ie
nc
y
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009
jet phi eff
η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
Ta
gg
in
g 
ef
fic
ie
nc
y
0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009
jet eta eff pTeff
Entries  100
Mean    133.4
 (GeV/c)Tp
0 20 40 60 80 100120140 160180200
Ta
gg
in
g 
ef
fic
ie
nc
y
0
0.005
0.01
0.015
0.02
0.025
0.03
0.035
0.04
jet pT eff
$&%
 
&
N

N
_
ﬀ

 
/1)">9-">@2: 2I8
C
643U2!5
N
: Mﬂ392!E+643
 A1C
6482K@MJ648 - R6

643 6483)0MZ\

^ 645 VX)+5
N
82)+5

643
N
-+/D-
N
8
C
64/42I3O82K@M643

643	 6483


-&R"-0M
N
6

-+M
N
645J8/16=648

ﬀ
ﬁ
-

/D)+2!8d6+_
4657
"!+
@
ﬃ
"!=
b

N

%
ﬃ
!+;.;+
#
=
%
!A*
#
'
7

#
ﬃ
.0!=B!
#"D
.;=J,
7
"!<
ﬂ
4
2+0!
7
"'=B!+09?CE
ﬂ
ﬃ
'
%
+0!A.0F'
7

#
ﬃ
.0!=B!
(
'
7
.;+K,-+
%
=?+0'
#
ﬃ
+09 =
%
! 3

ﬃ
!
*
!  
 
ﬀ

&) $
_

ﬀ

ﬃ
#
!=B!


#
 
#
!  
(
1
"!^
#
!^
%
1
ﬂ&%
=?*"*
ﬂ
'
4
=9?*C.;
#
'
7

#
ﬃ
.0!=B!
#](
'
7
*
7

4

%
!
#N T

#
+
%
*"'!+0!
ﬃ
4

#A#
ﬂ&%
!
%
"!)!),J
%
!]'
7

4
ﬃ
+0!)
#"N
32  32   
4
5ﬃ! 
4
ﬁ
4
"  5
4

ﬀ &
6
4
   
4
ﬃﬂ
4
 " 	
4	 !&
ﬁ
4 ﬀ4
 
ﬀ
ﬂ
4
T
=J,
7
"!<
ﬂ
4
2+0!
7
"'=B!+09?
4
ﬂ&%>%

ﬃ
%
+
@
ﬃ
,J
%
!f.K= 9 =?.0
ﬃ
'^*
%
!)'=?.;2"!].0
#
+
%
*"'!+0!
ﬃ
4

#A#
!=B!+
#
!+
@
ﬃ

#
3



!
"!
#
3

ﬃ
!
*
!  
 
_
.
$
, "!
ﬃ$#%-%
 '&
	 ﬃ
&
N

N
_
,
 
(


!
"!
#
3

ﬃ
!
*
!  
 
! .
$
, 
&
ﬃ$#%-%
 )&
	 ﬃ
&
N

N
_
)/ 
.


!
"!
#
3

ﬃ
!
*
!  
 

.
$
_

#ﬃ$#%-%
 )&
	 ﬃ
&
N

N
_i
 


#
9B=?.0
ﬃ
'
#X#
ﬂ&%
!X
%
=?*"*
ﬂ
'
4
=9?* *.;.0
#
ﬂ
1>!)
%
ﬃ

#g(
=B' .;=-,
7
"!<
ﬂ
4

4
29'=?+
#
,213.K=
%
*
N 
.K.0
#
ﬂ&%
!
*
(

%
4
=
%
!ﬀ!)
%
4
=
%
*CG= ﬂ"!)'].
7

b
G"',J
%
!:+
%
E
7
"'+;
ﬃ
'
#"N 
*"+	
#
!
4
ﬂ
ﬃ
G=O.;= .
ﬂ
+
4

(
'
ﬂ
13=B13+;.K+0!
7

(
ﬂ
+
##
ﬂ&%
+0
%>%

4
^.K=O,
7
"!<
ﬂ
4

4
^9'=?+
#
,213.K=
%
*
@
ﬃ
+	=O!)
%
4
=
%
* G=
(
'+;9+;.
7

b
+;"'
4

#
9B=?.0
ﬃ
'
#/#
ﬃ
(:7
"'+0
ﬃ
'
#/4
^.;=
#
*!+
ﬂ&%
/.a*"=?*
D
*
ﬂ&%
!)'=?+0',J
%
! G=
ﬃ
%
O.
ﬂ
+
b
=
ﬃ
##
+;
%>%

N
32  32+* , % 
ﬀ


"
4
5 
ﬀ
6
4
	 
 ﬀ-
ﬃ
4
5
4	/.
"
& 
 "
4
5
T

#f4
+
#
!)'+;1
ﬃ
!+
ﬂ&%
#
*"+
%
7
,-=B!+
@
ﬃ

#f4

#
ﬂ
1
!
"!
#
"!
4

#
9 =B'+;=B13.0
#
b
.
ﬂ
13=?.0
#
ﬂ
1
#
"'9
7
"
#
"!
(
'
7

4
+0!)
#:#
ﬂ&%
!
,
ﬂ&%
!)'
7
"
#

%
=
%>%

*


=
(
'"G
#M7
"!+
@
ﬃ
"!=
b

N

ﬂ
ﬃ
!)
#
.0
# 4
+
#
!)'+;1
ﬃ
!+
ﬂ&%
#]#
ﬂ&%
! 13=
#7
"
#2#
ﬃ
' .;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
D
G=Z.
5

*
*
(
!+
ﬂ&%
4
 *.;.0
#
*
ﬂ&%
*"'
%
=
%
!O.0 E
ﬂ&%
4
,
ﬃ
.;!+
!
"!
#D
ﬂ
1>!)
%
ﬃ

#F4
+0'*!),J
%
!aG=
(
=B'!+;'
4

# 4
ﬂ&%3%
7
"
#
ﬃ
.;=Y,
7
"!<
ﬂ
4
J
#
!
4:7
*'+;!)
4
=
%
#
.;=
(
=B'!+0 &
N
i
N
_
 
NT

#F#
*!+
ﬂ&%
#
/. *"=?*
#

ﬃ%
*
%
 
ﬃ
!+K.;+
#7
"
#g(
ﬂ
ﬃ
'g*
#24
+
#
"
!)'+;1
ﬃ
!+
ﬂ&%
#2#
ﬂ&%
! *.;.0
#
,J
#
ﬃ
'
7
"
# (
=B'J.;=\,
7
"!<
ﬂ
4

4
Z9V'=?+
#
,C13.;=
%
*
4
=
%
#
.0
#
*"=
%
=
ﬃ+*
&


!
"!
#)(
"!
&
(


!
"!
#)( N
_
&
!
φ
0 1 2 3 4 5 6
0
0.001
0.002
0.003
0.004
0.005
jet phi eff
φ
0 1 2 3 4 5 6
0.002
0.004
0.006
0.008
0.01
0.012
0.014
jet phi eff
φ
0 1 2 3 4 5 6
0
0.002
0.004
0.006
0.008
0.01
0.012
jet phi eff
φ
0 1 2 3 4 5 6
0.002
0.004
0.006
0.008
0.01
0.012
jet phi eff
φ
0 1 2 3 4 5 6
0.001
0.002
0.003
0.004
0.005
jet phi eff
$&%
 
&
N

N
_ 
 
/1)">9-">@2!: 2!8
C
6432I5
N
: Mﬂ392!E+643
 A1C
6482K@MJ648 - R6

643  6483U645FVX)05
N
82)+5

6U:S-

2!/16
N
82)+5 645


,.)+Mﬂ/
N
2!5K
2!58d64/4E0-+:!:<643?645 

_ 6gR"-+M
N
J6

-

/1)+2!8d6 648

6 -+Mﬂ8645c>9-+3
 	
  
  
 
 /	
 

   
 G648	 
 _
_
&
ﬀ
ﬂ ﬃ
!)
#
.0
#F4
+
#
!)'+01
ﬃ
!+
ﬂ&%
#
,
ﬂ&%
!)'
%
!
ﬃ %
1
ﬂ&%
=?*"*
ﬂ
'
4

%
!)'-.0
#F(
'
7

4
+;*!+
ﬂ&%
#
"!O.
5
ﬂ
1
#
"'9B=B!+
ﬂ&%
N

(

%
"
4
=
%
!
D
*"'!=?+
%

#J4
+
#
!)'+01
ﬃ
!+
ﬂ&%
#F(
'
7

4
+0!)
#
=
(
'"G
# 7
"!+
@
ﬃ
"!=
b

(
'
7

#

%
!)
%
!
4 5
+;,
(
ﬂ
'!=
%
!)
#

ﬃ
*!
ﬃ
=B!+
ﬂ&%
#
3
.;.;
#
ﬂ&%
!
(
ﬂ ﬃ
'
ﬂ
'+
b
+
%
X.0],-=
%
@
ﬃ

4

#
!=B!+
#
!+
@
ﬃ

4
+
#)(
ﬂ&%
+013.0
(
ﬂ ﬃ
' .;
#
E
ﬂ&%
4>#,%


_
!
"!:"!
%


,
!
"!
#"N
_
&

    	
 

"!)!)a=
%
=?. 
#
a=
(
ﬂ ﬃ
'F1
ﬃ
!
4
-,J
#
ﬃ
'"'2.;=
#
*!+
ﬂ&%
/.a*"=?*
4

(
'
ﬂ
4
ﬃ
*!+
ﬂ&%
4

(
=?+0'
#F4

@
ﬃ
=B'
#
!
ﬂ
(
=
ﬃ
(
'"G
#h4
ﬃ
*
ﬂ
.;.;+
#
+
ﬂ&%>%

ﬃ
'c<>=
4
'
ﬂ&%
+
@
ﬃ
e /=B!)'
ﬂ&%
NT

# 7
"9
7

%
,J
%
!
#f#
ﬂ&%
! *
ﬂ
.;.0*!
7

#:(
=B'h.0
4:7
"!)*!)
ﬃ
'

"!]*
ﬂ
''
#)(
ﬂ&%
4

%
!CG=
ﬃ %
F.
ﬃ
,-+
%	ﬂ
#
+;!
7
F+
%
!
7

b
'
7
"
4 5

%
9 +0'
ﬂ&% i
,
& &
	

N
T

# 7
"9
7

%
,J
%
!
#
!
*
!
#
ﬂ&%
!-'*<	"'*<
7

#Y4
=
%
#
.0\*"=
%
=?. &


&
%

ﬀ
 % #
(
ﬂ
G
ﬃ
.0\.;
(
!
ﬂ&%

#
!
#
ﬂ
+0!
ﬃ %
7
.0*!)'
ﬂ&%
#
ﬂ
+0!
ﬃ %
,
ﬃ ﬂ&%
N 
-*"=
%
=?. *
ﬂ
,213+
%

465
ﬃ %

(
=B'!
ﬃ %

#
+
b&%
=B!
ﬃ
'J'.K=B!+09?,J
%
!
(
'
ﬂ
(
'
(
=B'2.;=
(
'
7

#

%
*
4
ﬃ
.0
(
!
ﬂ&%
7

%
"'
b
7
"!+
@
ﬃ
C+
#
ﬂ
.
7

D
"!
465
=
ﬃ
!)'
(
=B'!
ﬃ %
'=
(>(
ﬂ
'!
465
,213'=
%
*<>,J
%
!
7
.;"9
7

ﬃ
)


 
N
Th5
=
%
=?. 
#
J'
(
ﬂ
#

#
ﬃ
'
ﬃ %

(
'
7

#7
.0*!+
ﬂ&%
!
ﬂ
(
ﬂ
.
ﬂ?b
+
@
ﬃ

ﬃ
.0
(
!
ﬂ&%
7

%
"'
b
7
"!+
@
ﬃ
Y+
#
ﬂ
.
7

D 7

%
"'
b
+;a!)'=
%
#
9?"'
#

,-=
%
@
ﬃ
=
%
!)O+;,
(
ﬂ
'!=
%
!)
D
=
ﬃ
,
ﬂ
+
%
#
!)'
ﬂ
+
# !
"!
#^4
ﬂ&%
!]=
ﬃ
,
ﬂ
+
%
#
ﬃ %
!
"!
7
"!+
@
ﬃ
"!
7

	
 
N
Th5
=
%
=?. 
#
O
#
!
#7

(
=B'
7
" 
%
@
ﬃ
=B!)'C*"=
%
=
ﬃ+*

*
*".
ﬃ
#
+0E
#

%
E
ﬂ&%
*!+
ﬂ&%
4
2.;= ,
ﬃ
.0!+
(
.;+K*"+0!
7
F
%
!
"!
#
"!
4
ﬃ
!  
(

4
 .0
(
!
ﬂ&%
NT/587
"9 =?.
ﬃ
=B!+
ﬂ&%
4
2.;=
(
'
ﬂ
(
ﬂ
'!+
ﬂ&%
4657
"9
7

%
,J
%
!
#O4

#
+
b&%
=?.6"!
4
O1>'
ﬃ
+0!
#^4
OE
ﬂ&%
4M4
=
%
#
*<>=?*
ﬃ %
4
 *
#-#
ﬂ ﬃ
#
" *"=
%
=
ﬃ+*
#
YE =?+;!
4
H,-=
%
+IG"' +
%
4:7

(

%
4
=
%
!)
NﬀT
=L,-
#
ﬃ
'
4
 .;=
#
*!+
ﬂ&%
/. *"=?*

#
!Z  *!
ﬃ
7
"
(
=B' .;= ,a=
*
+;,a+
#
=B!+
ﬂ&%
465
ﬃ %
ME
ﬂ&%
*!+
ﬂ&%
4
M9'=?+
#
,C13.;=
%
*
@
ﬃ
+]*
ﬂ
,C13+
%
W.0
#
'
7

#
ﬃ
.;!=B!
#
4

#X@
ﬃ
=B!)' =
%
=?. 
#

#"N 
"!)!) E
ﬂ&%
*!+
ﬂ&%
4
29'=?+
#
,C13.;=
%
*
(
"',J"!X=
ﬃ
##
+
4
2!)
%
+0'g*
ﬂ
,
(
!)
4
C,a=
%
+dG"'
%
=B!
ﬃ
'.;.0
4

#
+
%
*"'!+0!
ﬃ
4

#:#
 
#
!
7
,-=B!+
@
ﬃ

#
"!
4
O.;
ﬃ
'
#
*
ﬂ
''
7
.;=B!+
ﬂ&%
#]#
ﬃ
'^.;=
#
*!+
ﬂ&%
/.a*"=?*C,J
#
ﬃ
'
7
"
N
Th587
"9 =?.
ﬃ
=B!+
ﬂ&%
4
ﬃ
%
+09?=
ﬃ
4

#
E
ﬂ&%
43#
Ed=?+0!J=
(>(
.OG=
(
.
ﬃ
#
+0
ﬃ
'
#
!)*<
%
+
@
ﬃ

#
1=
#V7
"
#-#
ﬃ
'-.0
# 4
ﬂ&%3%
7
"
#
'
7
".;.;
#
"!].;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
N	T
=a*
ﬂ&%>%
=?+
##
=
%
*
4

%	ﬂ
,C1>'
ﬃ+*
(
'
ﬂ
*
##
ﬃ
#]4
ﬃ

ﬂ
4
G.0ﬁ!=
%
4
=B'
4 D
!).;.0
@
ﬃ

.;=
(
'
ﬂ
4
ﬃ
*!+
ﬂ&%
4
:1
ﬂ
#
ﬂ&%
#
=?*"*
ﬂ
,
(
=
b&%
7

# 4

!
"!
#"D

#
!ﬀ.;+;,a+0!
7
"
(
=B'ﬀ.0
#
+
%
*"'!+0!
ﬃ
4

#
!<
7

ﬂ
'+
@
ﬃ

#"N 
"'!=?+
%
#
  "!
#C#
ﬂ&%
!C'=B'
#
ﬃ
!
"!C<3=
4
'
ﬂ&%
+
@
ﬃ
-+
4

%
!+
f7
 *
ﬂ
,-,J
ﬃ
%
.0
(
!
ﬂ&%
D
'*
ﬂ&%
#
!)'
ﬃ
*!+
ﬂ&%
4
 ,
ﬃ
ﬂ&%
#24
=
%
#
.0
#
!
"!
#"D>N0N0N
 ﬀ"! .;=
#
+K,
ﬃ
.K=B!+
ﬂ&%
#
^'
7
"9G.0g+
%
=
4
=
(
!
7
"
(
ﬂ
ﬃ
'ﬀ
%
=9
ﬂ
+0'
ﬃ
%
^*
ﬂ&%3%
=?+
##
=
%
*
(
'
7
*"+
#

NT/5
ﬃ
!+K.;+
#
=B!+
ﬂ&%
4
+;'*!)
4

#^4
ﬂ&%3%
7
"
#^(
"',J"!
4
FEd=?+0'FEd=?*ZG=-*
#X4

ﬃ+*
(
'
ﬂ
13.IG,J
#N
T
=
#
*!+
ﬂ&%
/.a*"=?*
4

(
'
ﬂ
4
ﬃ
*!+
ﬂ&%
4

@
ﬃ
=B'
#
!
ﬂ
(

%
(
=?+0'
# 4
=
%
#
.0Z*"=
%
=?. &).;
(
!
ﬂ&%


!
"!
#)(

#
!
,J
#
ﬃ
'
7
"ZG= 3
ﬂ
ﬃ%
*
%
 
 


iﬃ! #" $

 #"
 
ﬃ$#%-%


#

# %
 $

&
ﬃ
&%
 &
	

.;.0f
#
!/
%
=?*"*
ﬂ
'
4
=9?*g.0
#ﬀ(
'
7

4
+;*!+
ﬂ&%
#
!<
7

ﬂ
'+
@
ﬃ

#h4
ﬃ

ﬂ
4
G.;'ﬁ!=
%
4
=B'
46N&T

#
+
%
*"'!+0!
ﬃ
4

#ﬀ#
 
#
!
7
,a= "
!+
@
ﬃ

# #
ﬂ&%
!
465
ﬂ
'+
b
+
%
W!<
7

ﬂ
'+
@
ﬃ

D

*
(:7
"'+;,J
%
!=?.0
D
"!
(
'
ﬂ
9 +0
%>%

%
!
4
 .K=
#
!=B!+
#
!+
@
ﬃ
 .;+;,a+0!
7
"
4
=
%
#
.0
#Y4
ﬂ&%3%
7
"
#
"!H.;=
#
+;,
ﬃ
.;=B!+
ﬂ&%
N+# 
%
4
 '
7

4
ﬃ
+0'L*
#
"''
ﬃ
'
#"Df4

%	ﬂ
,C1>'
ﬃ
#

#
!)*<
%
+
@
ﬃ

#
ﬂ&%
!
7
"!
7

4:7
"9?.
ﬂ
(3(:7
"
# (
ﬂ
ﬃ
' ,J
#
ﬃ
'"'
4

#
  "!
#
'.;=B!+0E
#

%
!)'M.0
# 4
ﬂ&%>%
7
"
#
"!Z.;=
#
+K,
ﬃ
.K=B!+
ﬂ&%
N
M,	ﬂ,J
D
.;=
%	ﬂ
',-=?.;+
#
=B!+
ﬂ&%
4
2*"'!=?+
%
#
E
ﬂ&%
43#
G=
(
=B'!+;'
4

#^4
ﬂ&%>%
7
"
#
'
7

4
ﬃ
+0!^.;
#
+
%
*"'!+;!
ﬃ
4

#A#
ﬃ
'X.0
%
+09?=
ﬃ
4
O*
#
E
ﬂ&%
4>#"D
=?+
%
#
+
@
ﬃ
O.0
#
+
%
*"'!+0!
ﬃ
4

#A#
ﬃ
'^.;=J,J
#
ﬃ
'
4
O.;=J.
ﬃ
,a+
%	ﬂ
#
+0!
7

N
T
=C,-
#
ﬃ
'
4
 .;=
#
*!+
ﬂ&%
/.a*"=?*
4

(
'
ﬂ
4
ﬃ
*!+
ﬂ&%
4

(
=?+0'
#f4

@
ﬃ
=B'
#
!
ﬂ
(
9B=C1
7

%
7


*"+0"'
4

%	ﬂ
,"
1>'
ﬃ
#

#
=?,
7
.K+
ﬂ
'=B!+
ﬂ&%
#N
.;.0O1
7

%
7


*"+;"'=
%	ﬂ
!=?,-,J
%
!
4
 .;= *
ﬂ
,21+
%
=?+
#
ﬂ&%
=9?* .0
#
,J
#
ﬃ
'
#X465
=
ﬃ
!)'
#
*"=
%
=
ﬃ#*
@
ﬃ
+E
ﬂ&%
!f=?*!
ﬃ
.;.0,J
%
!A.
5
ﬂ
1
!
"!
4 5
=
%
=?. 
#

NT
= ,J
#
ﬃ
'g1
7

%
7


*"+0"'=
7

b
=?.0,J
%
!
4
F.
5
=
ﬃ
b
,J
%
!= "
!+
ﬂ&%
4
h.;=].
ﬃ
,-+
%>ﬂ
#
+0!
7
/+
%
!
7

b
'
7
"
N"#
*!
ﬃ
.;.;,J
%
!
ﬃ
%
h.
ﬃ
,-+
%	ﬂ
#
+0!
7

465

%
9 +0'
ﬂ&%
)AE 1


=
4:7

!
G=
7
"!
7
f
%
'
b
+
#
!)'
7
"
"!
4
"9V'=?+0!
(
"',J"!)!)'
ﬃ
%
2'
7

4
ﬃ
*!+
ﬂ&%
4

#
+
%
*"'!+0!
ﬃ
4

#]#
!=B!+
#
!+
@
ﬃ

#
"!
#
 
#
!
7
,a=B!+
@
ﬃ

#"D
*
# 4
"'
%
+dG"'
#
7
"!=
%
!X.;+;,a+0!
7
"
#

%
(
=B'!+;
#A(
=B'].;=
#
!=B!+
#
!+
@
ﬃ

4
+
#(
ﬂ&%
+013.0
(
ﬂ
ﬃ
'^.;
ﬃ
'
7
"9 =?.
ﬃ
=B!+
ﬂ&%
N
_
&

 	

  
	

  
 

ﬁﬀﬃﬂ ! " #$ % &('

 )  #$ &*,+ﬀﬃﬂ !
.- +/0+1 )  

2) ' +3ﬀﬃﬂ 4! )  52' 
ﬃ6
& ﬀ(7
) 8! & 9 : ; 9 <
= !>=
  
 
 
 

ﬂ &  & ﬂ ﬀﬃﬂ  



ﬂ % !ﬀ 8#  ) 
 	
"
9 : ; 9 <

ﬀﬁﬂﬃ! #"%$&'(ﬀ*)ﬀ+*ﬁ'$,'ﬀ!'$.-/*01*234,ﬂ+*ﬁ*5'76


86
ﬁ:9
;ﬀﬁ<01"% #'';4,*)
"='(>?'0 2!ﬁ*)@ABﬃ! C35!D)<5%)FEGH+*ﬁ*5'ﬀ"% #'@' #"!"='(; 5IH+*ﬁ*5'ﬂJLKNMOF4P)*Q #R<$,7!A01'(D*2
'(R< #'BA4,*)S+( #()T'(*)(":*ﬁ($&>?)U!*)V*5WS+*ﬁ*5'B)
9
ﬁ<2YX5!)P"=<5'V*)U*ﬁ($,>Z)P["%ﬃ]\)($&C^5L!$,_P+'(*23()
P `/*[*)U*ﬃ!2<4&R<$,*)ﬀ+R< 4,*0*2]T!$a_P+'*2]*)M
bLcd eAfgeﬂh 

8
jilkm*)Y4,"!'(ﬃ% $&2nﬁ<4o4&$&)($,<2%2*5'p"!'<2Eq"!'(<21!51ksrHtPunMv6Tﬁ(5*4&4,*0*2]w*2xﬁ<2!)'5%ﬁ($,<2
9
)<2N+*0 #'('B #Ry*)w"!'^+/^5N"=<5'Yz#{{]|`E}z#{{<~^M]OF4]"%'(*2!N4& P"4& ﬁ!4.Q 2%$,*2nﬁ<4o4&$&)($,<2%2*5'p
ﬃ


!5n
jr
9
 2!2!* 5ﬂ[z<|

0gL$,'Bﬁ<2>*+'(*2%ﬁM

8@
jilk><5'B2!$,' ﬀ*)nﬁ<4&4&$&)$,<2!)< */*75!2+*2!'(R<$,@2!<0$&2! 4,@
=ﬁ

g! 2%)[4,;ﬁ*23'(S
0 ))MY
8 D4&5!0$&2!<)($,3+@ +3+Aﬃ!<$&)($,S7>? :Xﬁ<2- ﬁ<01"=*2!)'x4& +*ﬁ'(<$&))( 2!ﬁS*2
=`Ł
)1ﬀ4& )(*ﬁ($,<2
; ﬁ"% #'(<2Eq"% #'(<2M#JT*5WL"+'$,*)>?<2!ﬁ($,<2!2!*01*2])<23j"!'+/5*)M#
8 P"!'(*0$.-'
9
!$, )()
4&5%0$&2<)($&3+!/3' $&8!5'('8'(<$&)8 2%)M
j P4&5!0;$&2<)($,^+$&2%)( 2]( 2+s)' V4.'B'(
=
{
$ $

 

ﬁSC35%$ﬁ'('(*)(":<2%- z^MDﬁ<4&4&$&)($&<2!)L$&2+*4& )(($&C35!*)["% #'xﬁ'(<$&)(*01*2]x7>? $o)(ﬁ* 5Mw
8 D)*ﬁ<2!7*)15!2
"s+'$&^Aﬃ! 5D4&5!0$o2<)($,^+mZ
=
{
$F


 

B
9
 `/*5!2A01\*2!2z $&23' ﬁ($,<2!)@"% #'
ﬁ'(<$o)*01*23M
j ﬂ>?'^+*C35*2%ﬁS!*)nﬁ'(<$o)*01*23()n*)(N

{D¡iV¢
9
ﬁSC^5!$$&0"%4&$&C^5x"=<5'n4,*)N+*ﬁ*5')
5!2!+*4&*ﬁ'(<2!$&C^5£' #"%$oM
w #'y' #"%":' 5

 #'(<2
9
4&T"%'(%4.-*01££4& N"!'(!5!ﬁ($&<2@Q 23($aEq"!'<2!)y!$&)" #' `¤ ¥,U2£4&$&0$,
"%4o5!)n4o ¦4&5!0$&2!<)($,3+MYr2§'(/# 2!ﬃ!
9
4,*)1>Z $&)(ﬁ* 5WS"% #'(($&5%4,*)1$,'5!4&*2]1! 2!)1!*5W (5=*)A- /$&
)^+"% #'+*)
9
! 2!)£4,*)C35*4o)T4&xBﬃ! 01"¨0 #R<2+($oC35;*)L$&23/')3+ #©%2¦14,*5'L!<2!2'£4& S0S¤*01;ﬁ<5'%5'(M

8U0S¤*01P' $o)<2!2*01*23)Q #"!"4&$&C^5y 5Wx `/^$&3+*)s +*4+' #'$oﬁ*)M
p*) $o0 2]()HUﬁ<5'(5'(U5($&4o$&)3+*)Y 5

jilk)<23*) $&0 23())(5"!'B ﬁ<2!!5!ﬁ*5'B)
9
ﬁPC35%$ 5R<01*23P4& £!$,@5!4,3+y*ﬃ!2%$&C35!M3kT*)Q $o4&4,*5')
4,ﬃ% 01"ª0 #R<2+($&C^5¦0 vW$&0 4lC35!D4.<2I"=*5S #*$&2!' ﬁ(5!*4&4,*01*23ﬀC35!$T4&$&0;$,4.«+*2'R<$,¦*)
>Z $&)(ﬁ* 5Wﬀ!5ﬀ
jilkTM
JTD4& ¦0S¤*010 2!$.-'(AC^5Q 5

 #'(<2
9
4.Q +*4+' #($&<2I!ﬂ"% C^5();A"% #'(($&5!4&*)T5%)(C35p- ¦*)
+*2'(R<$&*)VN4.''n!5

¬2+*ﬁ*)()$,x"%4&5!)($&*5')y %+*4B+' #*5')*Mp
p*)V"!'(<2!)T)<23TQ #='A"!'(!5!$,()
 %+*4+'+*)P"% #'H5%2­!®<®H¯
°±
¯
°3²
­³
°´j²x±ZµZ¶
¯
°
­
µ?²v°D·(¸H¹ºD»7¼½
(5!)(C^5- L5!2!7+*2'(R<$,TT¾#{N¡ﬂNM^
8V¿ÀÀÁﬁÂ
³
°^²
4,*)N %+*4.-'N5!)C35- A5!2+*2'R<$,7!
=
M
¨Ã
nMw
p*)n"% C^5()N;"!'<2!)n)(<2]N*2!)(5!$&;$&2v*ﬁ3+*)
! 2%)L4,;ÁÄ
¶
®#Å
²
À!³
²
À
¶gÆ
­IÇ
²
À%³`À
¶
Á
·(ÈxÉj½
C35%$4,*5'L>?<5'2%$,L5!2§+*2'R<$,@7z¾
Ã
NMj6Êﬁ@2%$,/* 5
9
=*Ë

4,*)x"%'(<2!))<231' )()(*0[%4+*)*2 ~

"% C^5()

2%)1)3+"% #'^+*)@!Az¾2!)M
p
ÉÈxÉ
	


ﬀ
ﬁ
ﬂﬃ  %+*4.-'[4,*)"% C^5()j5%)(C35p- [5!2+*2'(R<$&l!

¾#{
Ã

9
 */# 2]U!T4,*)*23/`\'T! 2!)s4,*)
*5W@(5=*)n- x/$&L!5
¸ ¦¼
-5ﬂ$&4&)y)<23P +*4+'+*)H(5!)(C^5- 15!2D+*2'(R<$&[n|

nM
!
5! #'(£ﬁW"+'$,*2!ﬁ*)V)(5'U4,L
jilk)(<2]U"%'^+/^5*)N?©!R<5'(
Ë
M
=
M
=
#"
$

p*)*5WnﬁW"+'$,*2!ﬁ*)H6


86
ﬁ
ky¡
ﬁ
)<23Rj+*2H+' 4&$&)*)H 5'<2]5!214o #'(RU<0 $&2!sp}+(5%
?"%ﬃ]\)($&C^5ﬀ!50+* 2!$o)(01AA!'$&)(5!'(7!ﬂ4& ¦)\0 +'$, +*4,*ﬁ'>? $,4,
9
'(*Bﬃ'ﬃ!Aﬂ)($,R<2!*)
2<5/*4&4,l"%ﬃ3\)($&C^5
9
M,M,M

M
$

pn+*ﬁ*5!'L6V
8Oksr *)T"% #'(($&5%4&$Z-'(*01*23P+*!$+ﬂ- @4q}+(5%n*)Tﬁ<4&4&$o)($,<2!)UpQ$,<2!)y"%4&<0[
9
 #©%2
ﬁW^"4,'('U4,*)y"%'("!'$+^+*)P!L4& 10 #($.-'(ﬀ- 1ﬃ! 5[*2%)($,3+LS+*2'(R<$&@.z^M |
Ë


Ł
5

M
$

ﬁW"+'$,*2!ﬁ[
jilksﬀ*)U"!($&0;$&)3+L"=<5'U4.«+(5!nL4& x"%ﬃ3\^)$&C35!l!*)Uﬃ! '(<2%)&%`M
'&%)(+*
Ë
M
=
M
=,.-0/13254 1768ﬂ1
*9ﬂ:
1;2178
)
/0<=ﬁ>?178@8
)
/0AB17=7=ﬁ>DCE6F8+2D/&GIH
'
bLcﬂJ eAfLKNMfPO:fRQSO:f

UTWVYX
e
V[Z
\P])^P]_ `ab
cedFcefhgijglkmnf.o
b
cef
b
c
a
iqpc
6V"!"!'<5/+Y*2
=0rrË
9
6


86
ﬁ
*)j4.Q5!2£*)pC^5! #'(+*ﬁ*5!')j$o2!)( 4&4+*)p)5'p4,
8i£kTMkﬁW^"s+'$&*2!ﬁ
 +3+ ﬁ<2wX5D":<5!'@ﬁW"%4,<$,'S4,R' 2!I"=*2]($,*4TH+*ﬁ<5/'(*)ﬂ%5 
jilk
9
S2( 001*23ﬀﬁ*4&5!$
ﬁ<2!ﬁ'B2! 2]@4& ¦!'$o)(5'(SA)\0+'$,+*4&*ﬁ'(>? $&%4,M6


j6
ﬁ
'(R'(<5"=ﬂ5!2!ﬂﬁ<4&4& #=' #($,<201<2%!$& 4,
;":'B)<2!2*)£N@0`\*2!)
"
*23/^$&'(<2
=
~#{{D"%ﬃ3\^)($o$,*2!)
9
"!'`/*2! 23n@"%4&5!)£!
=
¾#{A5%2!$,/')($&3+*)[
4& #=' #<$&'(*)y! 2!)P

"% *\)M

Q$&2>?' )'5%ﬁ(5'(ﬀ!5 +*ﬁ*5'S6


j6
ﬁ
 ¨4& #'(R*01*23+^+¦ﬁ<2!!$,($&<2!2H+ﬀ"% #'@4&ﬀ"!'(R' 00A
"%ﬃ3\)($&C^5M^
8£iV$,RR<)U"!'^+*!$,"% #'U4,L¡A^-*4,
ﬁ
( 2!! #'S*)y'*ﬃ'BﬃH+[)*4,<2S"4&5!)($,*5!') 2! 5W@*2ﬀ>?<2!E
($,<2@P)( n0 )()M
ﬁ
Q$&4*)(H4+R'
tsvu
=
{{Uw#xy z
  
9
4q}+( #s©%2% 4!ﬁ<2]($&*2]s*)C^5! #'

)+%
"
4,P+*ﬁ*5'
6


j6
ﬁ
!<$,l":'B01'(1Q$&*23($,©!'l; ﬁ*0*2]N4,*)HF(){%L<5[*2'(«F( 23[4,*)H()L4+R')*M8Jl 2!)
=*Ëv
4& ;'^+R<$,<2
 s

=
#{ w#xy z
  
9
5!2 +( #£©%2% 4p"!'("%'(n0 $o)P'(*4o #($,/*01*23V' #'n*)lﬁ<2!)($&(5H+x!N*5W
"%ﬃ!<2!)
"
4.Q$o*2]($&©% #($,<2ﬀ*)y"ﬃ<2!)yT4& 101*)(5'£"!'^+*$&)[![4,*5'S+*2'R<$,LPn4,*5'U 2R<4,n<5E
/'((5!'(U)<23*) #' ﬁ^+'$o)($&C^5*) #"%$&( 4,*)C^5U<$,Y"=<)()^+*'H4,UH+*ﬁ*5's6


86
ﬁ
M<r2!©%2
9
"=<5'4,*)
0 ))*)P[:<)(<2!)PniV$,RR<)P"%4&5!)P4,<5'*)
9
4.}+( #V©%2% 4>? $&P$&23'(/*2!$,'T*)P4,"%<2!)yV!*)P2*5'B$&2<)M

8l+*ﬁ*5!'T<$&s!<2!l )()(5'('U5%2l:<2%2T$o*2]($&©% #($,<2S*)U4,"%<2!)L*+*4,*ﬁ'(<2!)PU0n5<2%)

P5!2
01*)5'(nﬁ''(*ﬁ1N4&*5'ﬂ+*2'R<$,MOF4<$,ﬂ+R< 4&*01*2]1¤'(1ﬃ'B0 +($&C35!
9
"=<5'T4& @0*)(5'(NN4q}+*2!'(R<$,
' 2%)/')L0 2%C35! 23M
<5'P'^+":<2%'(@- 1ﬁ*)Pﬁ'B$,ﬁ-'(*)
9
4&LH+*ﬁ*5'T)([ #' ﬁ3+'$&)NL4& x>Z :Xﬁ<2A)(5%$,/v 23

Ë
{
"
$
tU*ﬁ<2!)'B5!ﬁ($,<2*)V' ﬁ*)l; ﬁ*)@- 7ﬃ! 514&5!0;$&2<)($,^+L"=<5'l4.Q$&!*2]($,© #($,<2A*)V"% #'(($o5!4,*)
ﬃ! #'(R+*)Nn4o ﬀ01*)(5'(;"!'^+*$&);!;4,*5'[$o01"%5!4&)$,<2p'*ﬁ<2!)'5!ﬁ($&<2m/'ﬁWm)*ﬁ<2!! $,'*)£
+($oC35( #RN*)PC^5! #'

)&%TP*)P4,"!<2!)=M
$
ks 4,'$&0+'B$,D+*4,*ﬁ'(<0 #R<2+($oC35![R' 2!!["!'+*$&)$,<2ﬂ"=<5'P4qQ$&*23($,©% #($,<2ﬀl4& @01*)(5'(n*)
+*4&*ﬁ'(<2!)££*)l"%ﬃ!<2!)
9
L4& @%$&)(ﬁ'$&0;$&2! #($,<2	qz

9
$&*23($,©% #($,<2D*)£)( `/*5')£4,<5!'*)l)ﬁE
0$&4,"!<2%$&C35!*)
9
0*)(5'(x"!'+*$&)(;4.«+*2'(R<$&;*)()L[!4.}+*2'(R<$,0 2%C35! 23D- ﬂ4qQ $&1
 4,'$&0ﬀ-'(*)Vﬃ! '(<2%$&C35!*)M
$
¡ﬂ*)(5!'(S"!'^+*$&)S 5<2<0ﬂ*)10n5!<2!)xS<5ﬂ4& DR< 001ﬂ«+*2'R<$,ﬂ ﬁ*)()($,4,m-  )()
ﬁ<0017- 1ﬃ! 5![4&5!0$o2<)($,^+M
$

pS<0 $&2SS"%ﬃ3\^)$&C35!;*)x"!($&0;$&)3+@" #'4.!*23($,<2§Q5!27R' 2!S ﬁ"!( 2!ﬁA*2§"%)*5E
' #"%$&%$,3+
9
7"% #'74o   #"% $&3+¨!+*4,*2!Bﬃ*01*23ﬂ)(5'7*)7"% #'(($&5!4&*);":($&D$&0"%5!4&)($&<2
' 2!)/')(M
$

pP+*ﬁ*5's*)"!'^+/^5;"=<5'Y><2%ﬁ($,<2!2'H"%4&5!)YQ5%2U!$,¢* $&2!spQ 2!2H+*)*23/$,'(<2M]
8*)ﬁ<4&4o$&)($,<2!)
"!'(<2Eq"!'<2ﬂ!5ﬀ
8i£kI>?'^+*C35!*2]*)PN- ﬃ! 5+*2!'(R<$,L*2R*2%'('(<23U5!2L ﬁ($,/# #($,<2ﬂ!L4.*2E
)*0[4,7!*)N0; #3+'B$& 5W%5 +*ﬁ*5'- D4&<2R'B01MY
8 *ﬃ!2<4&R<$,ﬂ5($&4&$o)3+@<$,x)7'^+/+*4,'
'(%5!)£>Z ﬁ[ 5Wﬀ$,'('B !$& #($,<2!)L- 4&<2R1'01M
w #'4& T)(5!$&
9
Bﬃ! C^5y)<5!)FEG+*ﬁ*5'H*)w!'$.-/*01*23+*ﬁ'$,
9
)*)w"='(>?'0 2%ﬁ*))(<2]Yﬁ<01"% #'+*)
- 1ﬁ*4&4&L!5ﬂ+*ﬁ*5'lJLKNM
\P])^P]B^ 
dgc cd	 c
b
cgc5gkmnf c	g c
aﬀ
m
a
vi fﬁIced
ks<0012<5!)£4qQ */<2!)[/^5¦"%'^+*%+*!*001*23
9
4,*)l" #' 0S-'(*)N1><2%ﬁ($,<2!2*01*23L!5¦
jilk ﬁ<2%)($aE
(5*23L5!2¦*23/$,'(<2!2*0*2]l'*-*)nﬁW$,R* 23L"=<5'L4,*)[H+*ﬁ*5')MuP<2¨)(*5!4,*01*23[4& S4&5!0;$&2<)($,^++*4,/+
4& ﬃ! 5!ﬀ>'+*C^5*2!ﬁﬂ$&0":<)(*2]15!2SR' 2^5!4& #'B$,3+ﬀ©%2S"=<5'm+/$,';4&*)x"%ﬃH+*2<0ﬀ-*2*)@S'(*ﬁ<5/^'(ﬁE
01*23()
9
0 $&)L$&4o)L<$,/*23n 5!))($ﬁ<5/^'$,'n5!2R' 2%R< 0017}+*2'(R<$,7<5n*2¨R< #'! 23n5%2ﬁWﬁ*4aE
4,*23['+*)(<4&5($,<2M:
p*)V*ﬃ!2%$&C35!*)VNH+*ﬁ($,<2l4,*)P*Bﬃ!2<4,R<$&*)V*0"%4,`\+*)l)<2]l )()¢x)($&0;$&4& $,'(*)
- ﬀﬁ*4&4&*)£!5H+*ﬁ*5'NJLKNMprH2D"% #'(( 23[!5ﬁ*2]';14& Sﬁ<4&4&$&)$,<2
9
<2'(<5/;4,1+*ﬁ*5'N$&23'2
9
4,*)y)(\^)-*01*)T 4,'$o0 +'$&C^5*)yP4,*)PH+*ﬁ*5')1- 0n5!<2!)M
ﬂﬃ! ﬃ" #ﬃ%$
¸°'&
¯
°
³
°
®<³
°^´j²Sµ?¶
³
°3²#¶8°
ksH+*ﬁ*5'Yﬁ\^4&$o2!'$&C^5s?'("!'+*)*233+)(5!'84& s©!R<5'
Ë
Mz^M

5"=4& s"% #'(($&ﬁ*2]' 4&!5L+*ﬁ*5'`M

8'v¤<4,!ﬁ+*ﬁ*5'w*)4.Q$&*23($,©% #($,<2£!*)p' ﬁ*)4& $&)()^+*)j"% #'84&*)p"% #'(($o5!4,*)ﬃ% #'(Rj+*)M
8 P0*)(5'(
L4&*5'U$&01"%5%4&)($,<2@*)S+R< 4,*01*23P"=<)()$,%4,T"%5!$&)C35Q5%27Bﬃ! 01"A0; #R<2H+($&C35!n[z

! 2!)y4& 1!$&'(*ﬁ($,<2
!5S>Z $&)(ﬁ* 5Aﬁ<5'(=L4& x' *ﬁ<$,'([!*)y"% #'(($&5%4,*)yﬃ! #'Rj+*)*M
6I% ))P4&5!0;$&2<)($,^+
9
)*)><2!ﬁ($&<2!))'(<23H)5'(<54.«+($&C^5( #Rl*)=()!U
9
4,*)'(*ﬁ<2!)'5%ﬁ($,<2!)
=*Ë
¾
'&%)(+*
Ë
Mz^Mz
,Y-0/1R2 17A >DC
: :
 11R2D/#2 17AB1

AB17/ =ﬀG
	
s/'(ﬁW;+"4& %+*)y!xﬁ*4&4,*)Y*)' ﬁ*)y" #'(($&5!4,*)wBﬃ! #'(Rj+*)£v #<2!)
9
+*4,*ﬁ'(<2!)
9
M,M,M


% )w01<0*2]()Y'B 2!)/')*)*M#JTU0 2%$Z-'(s"%4&5!)jRj+*2H+' 4,
9
$o43<$&wﬁ<5!/3'$&'w5%2HR< 0;01Us"%)*5!!' #"%$&!$&3+
 
z¾
9
 `/*n5%2£'-*)U=<2!2l; $&3+M
'&%)(+*
Ë
Mz^M
,

 1
*
>R2D/ 2 17AB1

AB17/0=nC 6FAB17=6l1
ksl)(\^)-*01N£H+*ﬁ($,<2ﬂ*)(Uﬁ<01"=<)3+[£"%4&5%)($,*5')"% #'(($,*)
9
+( $o4&4B+*)P$aEG!*)()<5!)MOF4ﬁ<5/^'(L5!2
<0; $&2l*2ﬀ"%)*5%#Eq' #"%$&%$,3+L
 
z¾
9
$&!*2]($&C^5;- 1ﬁ*4&5!$%5ﬂH+*ﬁ*5'lJ£KxM
rH27"% #'(( 23s%5@"=<$&23sQ$&23' ﬁ($,<2
9
<27'(<5/£<5yQ #='S5!2S+*ﬁ*5'1- N"%$aW*4&)
9
C^5!$:"='01
4& D'(*ﬁ<2%)'5!ﬁ($,<2"!'+*$o)ﬂ*)x/'(ﬁW"!'$o0 $,'(*)n)*ﬁ<2!! $&'(*)MwO«4*)ﬁ<2%)($,(5+ﬂﬀ*5W§ﬁ<5!ﬃ!*)
=*ËË
ﬁ\4&$&2!!'$&C^5*)s"=<5'V4& @"% #($,Nﬁ*2]'B 4,xl!nﬃ^5!$,V%$&)(C^5*)U"=<5'l4& " #'(($,n `/v 23Mjksﬃ! C^5n"%$aW*48 S5!2
( $&4o4,P¾#{ x#{{

MkPR' 2^5!4& #'B$,3+V$&01"='(( 23y"='015%21>? $&%4,y( 5W;5"% #($&<2
9
P4q''(

=`Ł =
{{{@"% #'S+/+*2*01*231- ﬃ% 5L4&5!0$o2<)($,^+M
8 1'+*)(<4&5($,<2S*2A":<)$,($,<2S*)y' ﬁ*)P*)P*23/$,'(<2
=ﬁ


*2
	ﬂT~#{

*2M

j P)*ﬁ<2%H" #'(($,!5N+*ﬁ*5'H' ﬁ*)yZ4,%k

*)wﬁ<2!)($&(5H+s!H0$&ﬁ'#Eq"%$&)*)jH)($o4&$&$&5!0ﬂMOF4
)Vﬁ<01"=<)PUC^5! #'(Tﬁ<5!ﬃ*)Hﬁ#EG vW$o 4,*)Hﬁ<0"%4B+3+*)yU2*5>=!$&)(C^5*)YVﬃ! C^5V]¤^+Ml21'('<5/
ﬁH*ﬃ!2<4&R<$,l- U0;$&ﬁ'(#Eq"%$&)(*))($&4o$&$&5!0I! 2!)p4&H+*ﬁ*5'YJ£KxM`6 6P
86
9
4& s'+*)<4o5($,<2[)("% #($& 4,
)(5!'4& P"=<)($,($,<2n*)' ﬁ*)w*)Y*23/^$,'<2
=*Ë


*2	NY{M¾
ﬀ
*2
9
ﬁ<01"% #' #%4&£- lﬁ*4&4,H!*2^5
"% #'U4&LH+*ﬁ*5'£J£Kg.z#{


M
rH2©%2
9
4& 1'B2!$Z-'(£"% #'(($&L!5ﬀH+*ﬁ*5'l$&2]'B2£*)P4, Ut
9
 )()$& 2]U4&*)y*ﬃ!2%$&C35!*)U£' `\<2E
2*0*2]V'B 2!)($,($,<2;!Vﬃ% 0[!'1- NH+'$,/M%ksﬃ! C^5V(5=N- n+'B$,/
9
Q5!2;%$& 0S-'(l

00
9
*)
'(*0"%4&$<Q5%2[0+*4& 2RsR< #¢*5WﬀV
"
kﬀ

"
kﬁ

! 2!)4,*)8"%'("='(($,<2!)w|
"
z
"
=

C35%$<"='015!2H+'B$,/
' #"$&L.~L2!)

H+*ﬁT%$,*24,*)' *\<2!2!*01*2]()y' 2%)($,($,<2M<
j £"% #'(($&Uﬁ*2]' 4&U*)Hﬁ<0":<)^+T
|#¾@ﬁ<5!ﬃ!*)Tﬁ<2%ﬁ*2]'$oC35*)Txﬁ*)T"% $&4&4,*)*MﬂV2n' ﬁx"!'(!5!$,y*2D01\*2!21
Ë
"=<$&23()V% 2!)P4,ﬃUt£M
:Q$o4!)Q #R<$,Q5!2+*4&*ﬁ'(<2
9
*2]/$,'(<2
Ë
Tﬁ*)H"=<$&23()ﬁ''(*)"=<2!*23T- N*)(5=*)H-5;5!2!PR' 2!!Vﬃ% #'(R
"% #'y'B !$& #($,<2ﬀl' 2%)($,($,<2¨  ¾!	xFy

 5' m+3+n'(*5!*$&4&4&$,M
8 x'+*)(<4&5($,<2S*2ﬀ"=<)($&($,<27"% #'y(5=l*)
*23/$,'(<2mz#{{"

9
0 $o)L*4&4,7/$,*2]N#{#

*2]/$,'(<2 )($ﬁ@(5=;>Z $,L"% #'(($&@Q5!2!' ﬁMw6Ê($,'(
nﬁ<01"% #' $&)(<2
9
4,xkﬀ%$
eﬁ
 &(')+*-, 
.
 &l%/0*)21

nJLK¬*)Vﬁ<2%)($,(5+x*2]/$,'(<2D#{;ﬁ<5!Bﬃ*)l
©!%'(*)y)($&23($&4&4& 23*)s"='01( 23P4& 14, 4&$&) #($,<2S[4& x"% #'($&5!4,;- 
=
{{

"%'-*)M

8*)p"='(>?'0 2!ﬁ*)8!5L+*ﬁ*5'Y$&23'2Y<23L+^+*)($&0+*)w */**)80N5<2!)8!$a_P+'(*23*)£+*2'(R<$&*)M

j x'^+*)<4&5($,<2ﬂ*2ﬂ$&01"%5%4&)($,<2@' 2!)/'B)L*)
"
3

=
z4
65
{Q{{{<
Ë7
{Q{
=
lz 4+8
:9-;=<

w#xy z

?>

rH2ﬀﬁ<01"% #' $&)(<2
9
4& 1'+*)<4o5($,<2S!*2^57- JLK*)
"
3

=
z
4
65
{Q{{
=
~
7
{Q{
=
¾lz 
4+8
@9-;=<

w#xFy+z


>


j P'+*)<4o5($,<2x*2N"% #' 0ﬀ-'(UpQ$&01"% ﬁ' 2!)/'B)s*)Y
=
{A

"=<5'w4,*)' ﬁ*)R' 2!y$&0"%5!4&)($&<2
' 2%)/')@- 6P
86¦?*2]'
=
¾xV#{

 */*[4&LH+*ﬁ*5'£J£K

M
ﬂﬃ! ﬃ" #ﬃ" 
¸°
®]­
±
À
²#µB Æ°
³
²°
¯
°^±?°
®³
²
À
B
­C
¶
¯
°
³
µDp´8°
ﬂT2m 4&'$&0ﬀ-'(+*4&*ﬁ'(<0 #R<2+($&C^5ﬀ ﬂ"=<5'[Bﬃ! #'(R7;01*)(5!'('n4.«+*2'R<$,
9
4& ﬂ":<)$,($,<2n4o ﬂ!$aE
'(*ﬁ($&<2¨*)+*4,*ﬁ'<2!)LN*)£"%ﬃ<2%)L $&2!)($YC^5;0*)(5'('[4qQ$&01"%5!4o)($,<2ﬂ'B 2!)/')@0 2!C^5! 2]@Q5!2
+/+*2!*01*2]ﬂZ `/*74&; 4,'$&0ﬀ-'@ﬃ! '<2!$&C^5

9
 #' ﬁ3+'$&)($oC35S;4q}+*0;$&)()($,<2m;2*5'B$&2<)
9
<5 '(ﬁE
Bﬃ'ﬃ!'4.}+*0$&)()($&<2 S"% #'($&5!4,*)N2<5/*4&4&*)N$o2]' #R<$o)()( 23N'*-*)":*5 */*A4& 0; #($Z-'(ﬀ'!$&2% $,'(M8OF4
<$&[ 5!)()()$"='01'(@@)^+"% #''x4&*)D+*4,*ﬁ'(<2!)NN4,*)["ﬃ<2!)[!*)nﬃ! !'(<2!)LN*)UF()Mr2©2
9
$&4
"% #'($&$,"=T 5A)\^)(ﬁ-*0n[+*4&*2!ﬃ*0*2]M

8V 4,'B$&0S-'(lQ6U
86Zﬁ<001£ﬁ*4&5!$VJLK

 #"!"% #'(($&*2]£- n4& [>? 0;$&4&4,U*) 4,'$o0S-'(*)s$&2!ﬃ#E
01R-*2*)y- 7+*ﬃ% 2]($&4o4,<2!2! #RMksﬃ! C^5Y"% #'(($,Y*)(8ﬁ<2!)($,(5+Q5!2l*01"$&4,*01*23pﬁ<5!Bﬃ*)jpQ #%)'(=*5'
?"%4&<0[

£N0;$&4&$,*5H+*ﬁ*5'@Z #'(R<2¦4&$oC35!$o

M!
p*)l"!'B$&2!$,"% 5WS `/v 23( #R*)L)<23£4& @ﬁ<0"% $,3+!5
+*ﬁ*5'1Z4& 4&<2R<5*5'U£'B !$& #($,<2ﬂ% 2!)U4,£"%4&<0[ﬀ*)T01<$,($+[0<$&2!'(£C^5Lﬁ*4&4,n! 2!)y4.Q #'(R<2


)( x'+*)$&)( 2!ﬁN 5W7'B !$& #($,<2!)*M
=*Ë
|
'&%)(+*
Ë
Mz^M
 ,
')
/ 1
:S)
6?DCEA /2DCE6>
:
1R2 4 /06 /F> 2D= >D6A
2D/

>
:S)
=7C
*
17A =1  1
:
1

A =
)+*
>?D6  17A C /F1254 ﬀG
	

8[ 4,'$o0S-'(¨+*4,*ﬁ'<0 #R<2H+($&C^5n*)(Vﬁ<01"=<)^+x[*5WS"% #'(($&*)n?©!RM
Ë
Mz^M

 "
5!2ﬂ<2!2* 5D! 2!)
4& x'+R<$&<2ﬁ*23' 4,Nﬁ<5/3'B 2]T4& 1¢<2
  
=


|#¾@)(5'T5!2£"!'(>?<2!*5!'Pnz



- 

5
{
9
T[*5W
=<5!Bﬃ<2!)sC35%$ )()(5'(*23y4& 1ﬁ<5/'((5!'(L!5ﬀ<0 $o2
=
<|#¾
  
z1)5'y5!2l"!'(>?<2!*5'y[z
Ë


 5D01<$&2!)*M%
8 ;Rj+<0+'B$,1"% #'(($&5%4&$Z-'([*)T ﬁ'+<2!)£!*)P=<5!Bﬃ<2!)V*)V+*ﬁ'$&N! 2%)

Ë>=
qMO«4o)P)<23
+*ﬁ<5"s+*)y)(*4,<2;'<$&)H%$,'(*ﬁ($,<2!)
"
*2

*2	7"=<5'Hﬁ<2!2% `¤ ¥,'(l4,P"=<$&23Q$&0"% ﬁHl4& ["% #'(($&5!4&
9

)(5%$,/v 23y5!2S' `\<2A #'VﬁnH+*ﬁ<5"% #Rn+"=*2!ﬀ!L4& x>'B01LL4& xR'(=+*4,*ﬁ'<0 #R<2H+($&C^5M£2S"% #'4,
 4,'B)!Lﬁ<01"% #'(($&0*2]()M l2S%($,*2]y 4,'B)s"!'-*)y
=0r
{1{{{ﬁ*4&4o5!4,*)
9
<23s4o n( $o4&4,l01`\*2!2!£*)U
4.'B'(U

 	 	
5
{Q{<z¾A N{Q{<z¾^M=k*)<2%2H+*)H)<23'^+* #"%$,(5!4+*)s! 2!)4,P( #%4&* 5
Ë
M
=
H$&4&4o5!)'+*)
)(5!'l4o ;©!R<5!'(
Ë
Mz^M¾^Mk1R' 2^5!4& #'$&3+1*)((5!)(C^5- S$&2!Cﬂ><$&)T"%4o5!)P©2x*2

<5*2 	I- ﬀ6U
86"% #'
' #"%":'L- ;J£KxM
rH2©%2
9
$&4<>Z 5Y)( `/<$,'C35!4,*)"% #'($&5!4,*)j' */'B)*2]Y*23/$,'(<2xz


 */# 23Q #*$&2!'4,s 4,'$o0S-'(
x"=*5/*23 */<$,'; 0'%+A4,ﬀH+/*4,"!"=*01*23ﬀ4,*5'xR'(=*)m+*4,*ﬁ'(<0 #R<2+($oC35*)*MH
8 ©%R<5'(
Ë
Mz^M
Ë
01<23'(T4& LC^5! 2]($&3+l


' `/')3+l"% #'5%2U"% #'(($o5!4,U */# 23s4&P 4,'$&0ﬀ-'V! 2!)4&V 4,'$o0S-'(M
rH2 ﬁ<01" #' $&)<2
9
- JLK
9




)S'(<5!/*2]1 */# 23;4,S 4,'$&0ﬀ-'(I+*4,*ﬁ'<0 #R<2H+($&C^5M+ﬂT2S"% #'(($,
N4.}+*2'(R<$,1x4& @"% #'(($&5%4,L*)l"='!5n! 2!)l*)V¢<2*)£2<2$&2!)'B5!01*233+*)l!5D+*ﬁ*5'*Mp6V©%2D
'+*!5%$,'(lﬁT$& $&)sC35%$%/# N*2ﬀ)Q ﬁ'(<$&)() 2]U `/*

9
5%2@"%'^+ﬁEv+*Bﬃ! 23($&4&4,<2!2!*5'UTR'(=*)y m+^+L'B F<5^+M!OF4
)'V- Lﬁ'('$,R'H4.ﬁ_:HU4& £0 #($.-'(T01'(y"%4o %+T/# 2]4&U 4,'$&0ﬀ-'(
9
<5ﬁ<001V4,*)+*ﬁ*5')
£"$,*!)FEGﬁEqR':*)y!L4.ﬁW^"s+'B$,*2!ﬁ[JLKNM
Jl 2!)l6U
j6
9
4& @'^+*)<4&5($&<2D%5 4,'B$&0S-'(1 7>? $,T4.£N2!<0[!'*5Wﬂ*)()l£01*)(5'*)P*2D>Z $&)FE
ﬁ* 5W=M%rH4&4,l*)PL4o x>'0
"
3
Zr

r
5
k
7

8
r
7
u
r
 `/*

{ w#xFy
9
{
=
w xy


  { | - 6U
j6


{zw xy
9ﬀ
{z w#xy


 ﬁ {

 - ;J£KxM
=*Ë
~
 
*
Ë
M
= ,
$ &
 &ﬀ0
 *  *
	e ﬀ *
	e 0 1  ﬁ
 *	0e  j &  ?& ' 
 *0ﬁ

%'  0ﬁ
 &:10 *	0e
8<2%2* 5ﬂrUM¡mM ks #' ﬁ^+'$&)(($&C35!*)n


  	

k<5/'(5'(
 
=


|#¾
'+ﬁE#+*Bﬃ! 2]($o4&4,<2!2*5!' {Q{<z¾ ﬂ{
=
  
=
¾z
k<01" #'(($&01*23
=
{Q{<z¾ A{
=
k<01" #'(($&01*23Pz {Q{<z¾ A{Q{<z¾
k<01" #'(($&01*23P {Q{<¾  ﬂ{Q{<z¾
'&%ﬁ(R*
Ë
Mz^M¾
, ﬀ =ﬁ>D6F/
:
>D=CEA  1 2D/

>
:S)
=C
*
17A =1
 1
:
1

A =
)+*
>ﬂ?D6  17A C /F1
Pseudorapidity
X0
ID to r=63 cm
ID to r=115 cmWarm wall
Warm cryo cone+flange
Warm wall
Coil
Cold wall Cold wall
Presampler
Presampler
Scintillator
active accordion
B A R R E L E N D C A P
active accordion
Non projective
barrel-endcap transition
0
2
4
6
8
0 1 2 3
Pseudorapidity
X0
Barrel-Endcap crack
Presampler
Scintillator
ID services
+ patch pannel
warm flange
cables + passive liquidMaterial
in front of Presampler
Material
in front of Accordion
B A R R E L E N D C A P
Material
in front of
Accordion
Material till the end of active Barrel Material till the end of active Endcap
Total active depth
0
10
20
30
40
0 1 2 3
'&%ﬁ(R*
Ë
Mz^M
Ë ,ﬂﬁ   >DCE88 17/0=ﬃR176! #"ﬃP2178
*
>DA  17=C >D/$ 176 >
*?)
6FAR2D/

>
:S)
=C
*
17A = 1!%

> ?>D/

1'&(ﬃ+17A+176AB176>D6A

)+*
 AB1 2D/

>
:S)
=C
*
17A = 1)%

>;2D=
)
CEAB1'&(ﬃ 176+*
)
6

A C
)
6 21
:
>  8 17/2
),
= > C 2DCEA  1 	
=*Ër
ﬂﬃ! ﬃ" #ﬃ 
¸°
®]­
±
À
²#µB Æ°
³
²°
Å8­
&j²
À
¶µDp´8°

8ﬂ 4,'$&0ﬀ-'Aﬃ! '(<2%$&C35!7 "=<5'1ﬃ% #'(RAﬂ01*)5'('4.«+*2'(R<$&ﬀ;4& ¦!$,'*ﬁ($,<2§*)T()
9

)^+"% #''A4,*)ﬂﬃ! !'(<2!)Sﬂ4,*)N()ﬂ*)I+*4&*ﬁ'(<2!)ﬂ*)ﬀ"%ﬃ<2%)SA¦"% #'(($o$,"='S 5)\^)(ﬁ-*0m
+*4,*2%ﬃ*01*23M£OF4nﬁ<5/^'(§5!2R' 2! ¢<2"%)*5!'B #"%$&!$,^+
  


r
¦5($&4o$&)m!$,_P+'(*23()
0 #^+'$o 5WN%$a_P+'(*23*)*Bﬃ!2!$&C^5*)Yy+*ﬁ($,<2pM3<5'
 
=
 |
9
$o43*)(ﬁ<2!)($,(5+PpQ5!2N*01"%$&4,*0*2]
n>'
Ł
(5!$&4,*)V)($&23($&4&4& 23*)M6T5EG*4«- 
9
4,*)T2!$,/* 5WA![' !$o #($,<2$o01"=<)*2]V4.Q5($&4&$o)( #($,<2ﬀx4.Q #'(R<2D4&$aE
C^5!$&y"=<5'H4,*)=<5!Bﬃ<2!)s4,*)H 4,'$&0ﬀ-'(*) */# 23£
=
 |
   


r

M  2!)'*2]'('s! 2!)H4,*)+( $o4&)
9
4,*)s 4,'B$&0S-'(*)Uﬃ! !'(<2!$&C^5*)s)<23UH+*ﬁ<5"+*)P4,<2!R<$,(5!!$&2% 4,*01*23*2S'(<$&)yﬁ<0"% #'(($&01*23()
9
 */*n5!2
R' 2^5!4& #'B$,3+ 

   	
5
{
=
 ﬂ{
=
M:
j 1'+*)<4&5!($,<2A!5A 4,'$&0ﬀ-'(Nﬃ! '(<2%$&C35!l+"=*2!

V"!'(*2!
4& x>?'01
"
3
Zr

r
5
k
7

8
r
 `/*
"

 {¾w#xy


9
£ "=<5'
 




=
w#xFy


9
L|"=<5'
 

<5'Vﬁ<01"% #' $&)(<2
9
4& x'+*)<4&5!($,<2ﬂ)(5'U4&*)F()Vﬁ*2]'B 5Wm
 
{


- JLK *)
"
3
Zr

r
5
Ë

7
{
r;Ã



8
r
7
¾
r
ﬂﬃ! ﬃ" #ﬃ
¸°
Á;®vÅj­
B
¿
²°
Á
Æ
­
B¦´
À
¶
Á

8)"=*ﬁ'(<0ﬀ-'(£- U0n5!<2!) y"=<5''v¤<4,pQ$&*23($,©!'4,*)p0N5<2!)=8!01*)(5''p4,*5') #' ﬁ^+'$o)($&C^5*)
$&2+*0; #($&C35!*)
9
 */*@<5¨)( 2!)[4& ﬂﬁ<0n%$&2! $&)(<2¦*)L$&2>?'0 #($&<2!)£$&)()(5!*)£!5¦H+*ﬁ*5'1$&23'2MOF4w*)
+R< 4,*01*23V5!($&4&$&)^+£"=<5'y4,L+*4,*2%ﬃ*01*23V!*)7+/+*2*0*2]()l$&233+'(*)()( 23()M

8)(":*ﬁ'<0S-'(n- l0n5<2%)j*)(ﬁ<01"=<)3+s!s!*5W[G\^"=*)wyH+*ﬁ*5')
"
5!2N!$&)"=<)($&($,>^!+*ﬁ($,<2
T"!'+*$&)$,<2
9
UQ5!27!$&)"=<)($,($&>' #"$&T":'B01( 2]y4& N"!'B$&)V!l+*$o)($,<27"=<5'4&T+*4,*2%ﬃ*01*23M!OF4&)
)<23s #R*2!%+*)y*2)(( #($,<2!)	xV*4&4,V)('(£C35T4,*)H"% #'(($&5!4&*)' `/')*23y'(<$&))( #($,<2!))(5's5!2T4& #'(R
R< 00VU")*5!#Eq' #"$&!$,^+M]
8*)+*ﬁ*5')[- [0n5<2%))<23'("%'^+*)*2]^+*)y)(5!'H4,*)©!R<5'(*)
Ë
Mz^M |[
Ë
Mz^M~^M

8ﬂ)\)ﬁ-*01ﬂ+*4&*2!ﬃ*0*2]7ﬁ<5/3'A4& '+R<$,<2
  
z

MHO«4s*)(;ﬁ<2!)($,(5+A+*ﬁ*5')¦- 
R< #¢


$ª"=<5'

  *  *  ' &
$
 & , 
 

! 2%);4& m'^+R<$,<2 ﬁ*23' 4,
9
#_=' 2]S5!2A'^+*)<4&5($,<2 
=
0  
=
2%)M3
8*)H=<5!Bﬃ<2!)H)<2]sC^5! 2]L- L*5W@$&2!)'B5!01*233+*)H"% #'s*)H"%4& 2!)HVBﬃ! 0[%'(*)"!'("='(($,<2E
2*4o4,*)[- x©%4&)LZ+*2<0;0 +*)
.
$¦":<5!'
.n *B &D
$
 & ,D
 

M

8V)\)-*01lU"!'+*$o)($,<2*)(Hﬁ<2!)($&(5H+TV"%4& 2!)U(5=*)T- nH+'$,/1
.
"=<5'
*ﬁ
  


 * 
. , 

9
1'+*)<4o5($,<2¨$&2!>*+'$,*5!'(- 
Ë
{ p0Nﬁ<5/^' 2]n4& S"% #'(($,ﬁ*23' 4,MjO«4o)£)<2]Nﬁ<01"%4+^+*)N"% #'
*)Tﬃ% 0[!'*);- @+'$&/ﬀ%$

$¨"=<5' $
&)5  ﬁ
 * 
$
 & ,D
 

Mks*)V+*ﬁ*5'B)£<2]£5!2!['+*)<4&5!($,<2
*23/$,'(<2ﬂ~#{p0g)5'U4& x' *ﬁ<$,'(NL4& x"% #'(($o5!4,M

j 1'+*)<4&5!($,<2ﬂ*2ﬂ$o01"%5!4&)$,<2S*)y' ﬁ*)TH+"=*2!An2<0[%'(*5WS"% #' 0ﬀ-'(*)Tﬁ<001N4.Q 4&$,R<2*0*2]
*)ﬃ! 0n!'(*)
9
4,Uﬃ! 0"@0 #R<2+($&C^5
9
4& £C^5! 2]($&3+TU0 #($.-'(V'(*2!ﬁ<23'^+M^
j l©!R<5'(
Ë
Mz^M
r
01<23'(
4& s'+*)(<4&5($,<2L)5'p4& y01*)(5!'(4.Q$o01"%5!4&)$,<2U' 2%)/')!*)p0n5!<2!)M*r4o4,w*)8*23/^$&'(<2
3
 4

z4¦ z 
"=<5'l*)£0N5<2!)lQ$&01"5!4&)($,<2A' 2!)/'B)1$&2>*+'B$,*5'(ﬂ- 
=
{{
Ã

9
lﬁ
9
)(5'T<5;4.Q ﬁ"!( 2%ﬁ*)
Bﬃ! 0[%'(*)n- 0N5<2!)M
=
|v{
24
6
8
10
12 m
0
Radiation shield
MDT chambers
End-cap
toroid
Barrel toroid coil
Thin gap 
chambers
Cathode strip
 chambers
Resistive plate chambers
14161820 21012 468 m
'&%)(+*
Ë
Mz^M |
,
')
/ 1
:S)
6?DCEA /2DCE6>
:
1R2 / 2 17AB1

AB17/0= ﬀG 
:
1 8D8A

1
*
1

>
*
/
)
6F8 	
End-cap
toroid
Barrel toroid
coils
Calorimeters
MDT chambers
Resistive plate chambers
Inner detector
'&%)(+*
Ë
Mz^M~
,
')
/ 1jA = >D68<D17=78 1h2 / 2  17AB1

AB17/0= ﬀG  
:
18D8A

1
*
1

>
*
/
)
6F8 	
=
|
=
0
1
2
3
4
5
6
7
8
9
10
0 0.5 1 1.5 2 2.5
η
 pT = 100 GeV
R
es
ol
ut
io
n 
(%
)
'&%ﬁ(R*
Ë
Mz^M
rU,   178
) :
/0A C
)
6 8/ =
:
4 C
*
 /
:
8C
)
6 A = >D68<D17=8 1 2178
*
/
)
68R176*
)
6

A C
)
6{21
:
>  8 17/2
),
= >  C 2DCEA  1 	
ﬂﬃ! ﬃ" #ﬃ
¸°
Á*ÄpÁ³
Æ° Bm°'&j° &
¯
°
®
±?°¶
®#Å
° B °^¶
³
6T5ﬂ0ﬀ¤*01n($,'(LC^5LJLK
9
4,L+*ﬁ*5!'l6P
867*)S+*C^5!$,"s+[Q5%2ﬂ)\)ﬁ-*01nL+*4&*2!ﬃ*0*2]T*)
+/+*2!*01*2]()*M^k"=*2!! 234o P>?'^+*C35!*2!ﬁU*)wﬁ'(<$&)*0*2]()w"!'<2Eq"!'(<2x*)w"%4o5!)j$o01"='(( 2]s 5x
8i£kTM
5!'U4,*)UC^5! #' 23[0$&4&4o$,<2!)s}+/+*2*0*2]()T*2R*2!!'^+*)P"% #'V)*ﬁ<2!
9
)(*5!4,L5!2£"=($,[>' ﬁ($&<2ﬀ"=<5'(' 
¤'(7*2'(R<$&)('^+Mks<001- DJLK
9
4&@)\)ﬁ-*01S@+*4,*2%ﬃ*01*23x*)N'(R< 2!$&)^+7*2m'<$&)n2%$,/* 5W¨
ﬁ<01"4,ﬁW$&3+nﬁ'(<$&)()( 23
9
'("%'^+*)*2]^+*)T)(5'P4o x©!R<5'(
Ë
Mz^M
=
{M
$

p"!'(*0$&'S2%$,/* 5
<l

=
5($&4o$&)4&*)7$o2>'B0 #($,<2!)S$&)()5*)S*)ﬀ)\)ﬁ-*01*)ﬂ¦4,*ﬁ(5'D'B #"%$&
!5  4,'$o0S-'(<5 *)7ﬃ! 0n!'(*)¦- m0N5<2!)M
pﬂ*0"%)@!+*$&)($&<2
9
*23/^$,'<2 z p)
9
"='01
4& D' 2!)(0$o)()($,<2§*)$o2>'B0 #($,<2!)x!'B5*)1!5+*ﬁ*5'7/');4q}+*4&*ﬁ'(<2!$&C^5
  &
 +&
Iﬃ
!5
2!$,/* 5
=
M
p*)xﬁ'$,-'(*)1S)^+*4,*ﬁ($,<2 - ﬁﬀ2!$,/* 5§!5§+*4,*2%ﬃ*01*231"='01*231@'+*%5!$,'(
4,1( 5W¨}+/+*2*0*2]()ﬂ- 
=
{{ ^iV¢*23/^$&'(<2M $Y4.«+/+*2*01*23N" )();ﬁ;2%$,/* 5
9
4.*2%)*0[4,1*)
<2!2+*)l*)l' 2!)(>*+'+1/')£*)l0+*01<$&'(*)l( 01"=<2!) 
	 ?"=<5'

  & 

	


 
ﬀﬃ

*2D/5
L4,*5'y' $&*01*2]P/')P4,L2%$,/* 5Az^M
$
6V5N2!$,/* 5N
<l
jz
9
)*5!4,*)4,*)j'^+R<$,<2!)wQ$&233+'¤w+©2!$,*)j"% #'4&*)8()!5n2%$,/* 5["%'^+*%+*!*2]Y)<23
ﬁ<2!)($&+'+*)M
Ã
'v¤ ﬁN 5Wﬂ0 +*01<$,'(*)P( 01"=<2!)
9
ﬁn2%$,/* 5ﬂ[+*4&*2!ﬃ*0*2]T!$&)"=<)L£<5!*)
4,*)$&2>?'0 #($&<2!)U?R' 2^5!4& #'$,^+U"%($&0 4,U!5; 4,'$&0ﬀ-'(
9
)\)ﬁ-*01*)H!U"!'+*$&)($&<2
9
H+*ﬁ*5')
' ﬁ*)

MJV*)H()H)(<2]'(*ﬁ<2!)'B5!$,()V- ["% #'(($,'Q$&2>?'0 #($,<2%)Yﬁ'(<$&)^+*)*2]'T)<5%)+*ﬁ*5')
9
s!/^$,*2%2*2]s*)s 2!!$o! #()+*4&*ﬁ'(<2!)
9
0N5<2!)
9
( 5!)
9
"%ﬃ!<2!)<5L()M!
8T 4&5%4:!l4q}+*2!'(R<$,
' 2!)/')(@0 2!C^5! 23@)Q #@2+R< 4,*01*23MY
p@%5[!5 2!$,/* 5 
<l
jzﬀ*)(N;'^+*!5!$,'(@4,;( 5W
}+/+*2*01*23()- 
=
iP¢M
$

pﬂ'2%$,'12!$,/* 5*) #"%":*4+ﬀ©4,'(ﬀ}+/+*2*0*2]()¦
)
"=<5'


eA)+*' 
ﬀﬃ

<2]@4,S'v¤<4,
*);ﬂﬁ<2©%'01'4& ¦+*$&)$,<2 !52!$&/* 5 
<l
jz@Q #"!"%4&$oC35'x4& ¦)^+*4,*ﬁ($&<2 ©%2% 4,MY
pﬂ( 5W
}+/+*2*01*23()*2)'(($&U*) 5@0 vW$o0n5!0!
=
{{LiV¢
9
ﬁPC^5!$ﬁ<2!!5%$,V- L5!21/<4o5!01UU<2%2H+*)

=
{{;¡
Ł
)*M
=
|#z
LEVEL 2
TRIGGER
LEVEL 1
TRIGGER
CALO MUON TRACKING
Event builder
Pipeline
memories
Derandomizers
Readout buffers
(ROBs)
EVENT FILTER
Bunch crossing
rate 40 MHz
< 75 (100) kHz
~ 1 kHz
~ 100 Hz
Interaction rate
~1 GHz
Regions of Interest Readout drivers(RODs)
Full-event buffers
and
processor sub-farms
Data recording
'&%ﬁ(R*
Ë
Mz^M
=
{
, PC >?D= >
*&*
1R2178P6CE<D1 >D/$ 21+2  1

:
176

1
*
176FA 	
=
|#
bLc  	K1f O Q
	 O K1f%fPO

8*)V 4&R'$,(ﬃ!01*)VN'(*ﬁ<2!)'5%ﬁ($,<2A)<23l)($&0$&4o $,'(*)[- 7ﬁ*5WA5($&4&$o)3+*)U"% #'l4& ;ﬁ<4o4& #=' #($,<2AJLK¬
2N)<23V"% #'lﬁ<2!)^+*C^5*23T" )V+*ﬁ'$&()T5%2[2<5/*4o4,[>?<$&)M: #'£ﬁ<23'(
9
ﬁ1"% #'(($,NH+*ﬁ'$,V4&*)Vﬁ'$&ﬁ-'*)
LC^5! 4&$&3+L!*)y()P5($&4o$&)3+*)y! 2!)U4qQ 2! 4,\)
"
+*4,*ﬁ'(<2!)
9
0n5!<2!)
9
()Uw()S+($&C^53+*) %M
\P]P]_ 
 cfnglk Iijglkmnf  ced
b
cepc5g
a
mnfRd
b
cefRc
a
o
b
cgkﬀﬂﬁ ced kdFmnp
b
cd

8*)@+*4,*ﬁ'(<2!)ﬀ+*2'(R+($&C^5*)T)<2]y'*ﬁ<2!)'5!$&()y*2ﬂ5($&4o$&)( 235!2ﬀ 4&R'$,(ﬃ!01L!L]¤<2[! 2!)y4&L 4,#E
'$o0S-'(ﬂ+*4,*ﬁ'<0 #R<2H+($&C^5M!
plH+"¤s}+*2'(R<$,T*);+'(<$,s)($4q}+*4&*ﬁ'(<27*)$o)<4B+M^
j L"!'+*)(*2!ﬁ£Q5!2
' ﬁ[":'B01UL!$&)ﬁ'$&0$&2!'+*4,*ﬁ'(<2%)UU"%ﬃ!<2!)M
6T$&2!)$
9
4.y'(*ﬁ<2!)'5%$,y*)P+©%2%$pﬁ<001¦+*4&*ﬁ'(<2A$&)(<4B+[)($p4.«+*2'R<$,[! 2!)P5!2ﬀ]¤<2!ﬃ

{z
 5<5!'U4& l' ﬁVU4.}+*4,*ﬁ'(<2;2Q #"!"% #'*2! 2]"% )V- L4.«+*4,*ﬁ'<2*)$o2>*+'$&*5'([- 
Ë[Ã
NM]
pVH+"¤
«+*2'R<$,[<$,£¤'(N )()$B+7- 5!2!£' ﬁ@Zﬁ<2!!$&($,<2 $&)(r¡! z#{

|
5
{ 

M

8*)p"='(>?'0 2!ﬁ*)8ﬁ*)ﬁ'$,ﬁ-'(*)Q$&*23($,©% #($,<2[)<2]8"!'^+*)*233+*)Y)5'84,*)8©!R<5'(*)
Ë
M^M
= =

Ë
M^M
=
z^M
rH2]/$,'(<2D~#{  *)ﬂ+*4&*ﬁ'(<2!)£Q$&0"%5!4&)($&<2S' 2!)/')(x)5"+'$,*5'S- Sz#{
Ã

Ł
1)<23T'(*ﬁ<2!)'5%$,()M=
8 
'+*)<4o5($,<2ﬀ)(5'y4.Q$o01"%5!4&)$,<21' 2!)(/')L)(5'yﬁ*)S+*4&*ﬁ'(<2!)U  +3+[*)($o0 +7- 
=
M~ 
9
"=<5'y5!2T'+*)<4&5!($,<2
 2R<5%4& $,'(£ﬂ


{
Ë#" =
{
>%$
 ﬂ-	

{z
" =
{
>%$
'&)(%M
'&%)(+*
Ë
M^M
= = , ﬁ+*

>

CEA  178 21 =1

)
6F8A =/

A C
)
6 17A 2 4 C 2176A C ,

>DA C
)
6t2178  1
:
1

A =
)
6F8 17A+2178
*
/
)
68!%B>
:
?
)
=CEA

*
1
-/.
) )
=1 0'&  176l17= ?  17A C  /178R2 >D6F8
:
178 17<  176l1
*
176FA 832ﬀ42ﬃ176 *
)
6

A C
)
6 21
:
4 C
*
 /
:
8C
)
6;A = >D68<D17=78 1 17A
:
>  8 17/F2
),
=ﬁ> C 2 CEA  1 	
5
C ?D/0= 1 CE88/F1+217698;:< 	
\P]P]B^ 
 cfnglk Iijglkmnf  ced'=ﬁ mhfRd
b
cefRc
a
o
b
cgkﬀﬂﬁ ced kdFmnp
b
cd
H4&5!)($&*5')U 4,R'B$,(ﬃ!01*)TN'(*ﬁ<2!)'5%ﬁ($,<2N0N5<2!)T)<23£H+/*4,"!"s+*);- S6U
86)*4,<2D4,*5'l$&0xE
"%5%4&)($,<2M ﬂT2S 2!!$&% #H'(*ﬁ<2%)'5!$,0n5!<2@*)(sﬁ<2%)'(/+l"=<5's4.Q 2! 4,\)l)Q$&4%*)y$&)<4+A+*2'(Rj+($&C^5*01*23
Z4.«+*2'R<$,N 5!<5'T%50N5<2D! 2!)T5!2A]¤<2 ﬃ

{z@*)T$o2>*+'$&*5'(7- 
Ë7Ã


9
l)Q$&4p*)(T )()(^$+A- 
5!2!T'B ﬁn */*n5!2£/# 4,*5'U?>

z
;
(A@

z#{M
=
|

'&%)(+*
Ë
M^M
=
z
,    178
)D:
/ A C
)
6F8 8/0=
:
4 C
*
 /
:
8C
)
6#A =ﬁ>D6F8<D17=8 1;17A
:
>;2DCE= 1

A C
)
6 % 17A & 2178  1
:
1

A =
)
6F817A 2178
*
/
)
68
%B>
:
?
)
=CEA

*
1+21
.
) )
= 1'&21n?D= > 62
*?)+*
176FAeA = >D68<D17=8 1 % 
	& 17A

176FA = > / $ %  
	ﬁﬀ ﬂ & 	
5
C ?D/0= 1@CE88/F1
217698;:< 	

8*)Y©!R<5'*)
Ë
M^M
= =

Ë
M^M
=
z[01<2]'*2]4&*)w":'>'0; 2!ﬁ*)Y*)ﬁ'$&ﬁ-'*)Q$&*23($,©% #($&<21*)Y0n5!<2!)M
H4&5!)N
r
{  *)10N5<2!)1Q$&0"%5!4&)($&<2¦' 2!)/'B)ﬂ)(5"s+'$&*5'(¨- ¨z#{
Ã

Ł
A)<2]x'(*ﬁ<2%)'5!$,()*Mw
8*)
"='(*)£0N5<2!)L"!'(`/$,*2!2!*2]£*)()(*2]($,*4o4,*01*23L4& Sﬁ<5/'((5';2<2¨ﬃ'B0 +($&C35!*)Lﬃ% 0[!'*)7- 
0N5<2!)M*
j U'+*)<4o5($,<2£*2n$&01"%5!4o)($,<2T' 2!)/'B)*)j0n5<2%)8 S+^+*)($&0+L- Pz^M


9
"=<5'j5!2Y'+*)<4&5!($,<2
 2R<5%4& $,'(£ﬂ


{¾
" =
{
>%$
 ﬂ-	

{
= " =
{
>%$
'&)(%M
\P]P]  
 cfnglk Iijglkmnf  cedﬃFc	gld! i
a
mnfRkﬀﬂﬁ ced

8*):())3+*4,*ﬁ($,<2!2+*)H! 2!)4qQ 2! 4,\)y)<2]Y<5!Q #='x'(*ﬁ<2!)('5!$,()w"% #'5%21 4,R'$,(ﬃ!0s!U]¤<2M
rH2!)(5!$,x)<23[ #"!"%4o$&C35+*)[4,*)£ﬁ'('(*ﬁ($,<2%)[ 4&$&!' #($,<2[!1'(*ﬁ<5/^'(*01*23[ */*@4,*)+*4,*ﬁ'(<2!)[
4,*)y0N5<2!)PL4.}+/+*2*0*2]M=Y<$&$p4&LH+( $&4p[ﬁn"!'(%+*!5'(M

8*)^()p'(*ﬁ<2!)('5!$,()! 2%)ﬁ 2! 4&\^)Y<238)(5!%$#5!2Y'(* 4&$&!' #($,<2T*2+*2'R<$,)*4,<2£4o s"!'(%+*%5'(
+*ﬁ'$&x% 2!)

Ë
qM=
j ;©%R<5'(
Ë
M^M
=
S01<2]'xC^5x4& @'^+*)<4&5($,<2)(5!'T4.«+*2'R<$,n'B 2!)/')1*)()T*)
L4q''(£n
=
{ SM
ks<001@- 1JLK
9
4,*)j()U'*ﬁ<2!)'5!$&()s":*5!/*2]U 5!))($w¤'([*)7+*4&*ﬁ'(<2!)U<5A*)y"%ﬃ<2%)
9
"%5!$&)C35
4.Q 4&R'$,(ﬃ!01  '*ﬁ<2!)'5!ﬁ($&<2 *) () 2 !$a_P+'*2!$, "% ) 4&*)  4,'$&0ﬀ-'*)
+*4,*ﬁ'(<0; #R<2H+($&C35!*)m¨ﬃ! !'(<2!$&C^5*)MT
p*)@()¨2)<23¦"% )"!'$&)*2ﬁ<01"! )Q$&4&)D)<23¨ )()$B+*)

ﬃ

{
=

- 5!2+*4,*ﬁ'<2H+©%2!$s 5"% #' `/v 23xx/+'$,© 2]T#"
4

=
¾ w#xy z


 
"
 
z¾^M $5!2
*4T+*4,*ﬁ'<2ﬂ*)U'*ﬁ<2!)'5!$&U! 2!)y5!2NU */*N{
=

 ﬃ

{

9
<2A)(<5!)' $,U 5xFP4o Nﬁ<23'$,5($,<2
L4q}+*4&*ﬁ'(<2M

j 7"!'^+*)*2!ﬁ10N5<2!)l'(*ﬁ<2%)'5!$,()l! 2%)T4&*)HF()£ v_=*ﬁ@ 5!))($w4,*)T"!'("!'$+^+*)L%5Mp6T$&2!)($
9
$&4
 §+^+1+*$&+xQ <5'T 5V4,*)Vﬁ<2]'$&%5($,<2!)P*)P0N5<2!)V2<2A$&)(<4B+*)N %$
4

 w#xy z

9
 
$
 
z¾
9
>

z
;
()@

¾#{

)Q$o4&)y)£'(<5/*23V% 2!)y5!2ﬂ]¤<2 ﬃ

{

 5<5!'PL4.Q vW[!5nM
=
|#¾
'&%)(+*
Ë
M^M
=

,    178
) :
/0A C
)
68 8/0=
:
4 C
*
 /
:
8C
)
6{A =ﬁ>D6F8<D17=8 1 17A
:
>#2DCE=1

A C
)
6 %   17A# & 2178

17A 8 ﬃh17A = 178
) :
/0A C
)
6 8/0=
:
4  17617= ?DC 1@A = >D68<D17=78 1
*
> 6 />D6FAB1 	
5
C ?D/0=1@CE88/F1R21 6989< 	
j<5*)Tﬁ*)V0^!$&©% #($,<2!)U![4.}+*2'(R<$,N!5xV)(<2]V'^+":'B53+*)T)5'V4& /v 4,*5!'PV4o !$,'(*ﬁ($&<2ﬂ
4.«+*2'R<$,£' 2!)/'B)[0 2!C^5! 23M
\P]P] 
glkﬀ ﬁRc	gi o c Rced ﬃFc	gld

Q 4,R'$,(ﬃ%01[«+($&C^5( #R1*)F()V'("=<)[)(5!'V4& @ﬁ<0[%$o2! $&)<2ﬂ!n*5Wﬂ 4,R'B$,(ﬃ!01*)P% )3+*)l)(5'
4& ['(*ﬁ<2!)'B5!ﬁ($,<2ST/'(ﬁWS)(*ﬁ<2!! $,'(*)Hy4& N)($,R<2!$,© 2!ﬁV*)"% #'B 0S-'(*)UQ$&0"% ﬁH*)' ﬁ*)*M!
p
ﬁ'$&ﬁ-'xp}+($oC35( #R@*)HF()l*)(Lﬃ<$&)$jx>Z :Xﬁ<2 - 7!*2!$,'£5!2!n; $&3+@Q$&*23($,©% #($,<2D*)H()
LC^5! #' )3%l
Ë
{ 7M=kLﬁ'B$,ﬁ-'(nﬁ<2!%5!$,n- *)P( 5Wﬂ£'(«Vn|1"=<5'U4,*)()PnC35! #' ^)

9
P
=
{{1"=<5'U4&*)F()VL)( `/*5')P4+R-'(*)
9
ﬁ<00[$&4&4&5%)'^+£)(5'U4& x©!R<5!'(
Ë
M^M
=ﬁ
M
'&%ﬁ(R*
Ë
M^M
=ﬁ ,
5
>

AB17/0= 21 =1

17AU2178

17A 8 21 8 > <D17/ =
:
 1 ?

17=1 17A 21

17A 8#21 />D= 8 176*
)
6

A C
)
6t21
:
4 1/*

>

CEA  1
254  17A C /F17A >?1U2178

17A 8
	 	n17= *
)
=
*
>D6

178 178A C
*
 1178 8/0={2178
 17<  176l1
*
176A 8 2
4
2 	
=
|
Ë
bLc  e 	 ;	 O K1f Mf	vMfxf
 f  O
JT*5W§ #"!"!'(ﬃ!*)N!S4o )($o0n5!4o #($,<2 !S4o A'+"=<2!)ﬀ!5§+*ﬁ*5'@)<2]1"=<)()$,%4,*)S- D6P
86:MY
8 
"!'*0$Z-'(5($&4o$&)Y5!2)($o0n5!4o #($,<2lﬁ<01"%4.-s!5£H+*ﬁ*5'
"
4.Q$&23' ﬁ($,<2[*)"% #'(($o5!4,*)p `/*4& U0; #($Z-'(
!5S+*ﬁ*5'VP4,*5'B)+*)$&2]^+R' #($&<2!)P)<23U)($&0N5!4+*)y `/*


Ëv
qM
p*)U+"w¤()P«+*2'(R<$&L! 2!)
4,s+*ﬁ*5's)<23*2%)(5!$,y2^5!0 +'$&)^+*)
9
4q}+/+*2*01*23*)Y*2%)(5!$,'(*ﬁ<2!)'B5!$,P- £4.Q $&s!5N"!'(R'B 001
;$&*4.MkL"!'R' 001[+©2!$,U5!2ﬂ !'([£' `/v $o4p"=<5'U4& 1R+*2+' #($&<2D!*)7+/+*2*0*2]()(5!)(C^5- 14& 
'(*ﬁ<2%)'5!ﬁ($,<2;*)()H"%ﬃ]\)($&C^5*)M<
j £'(*ﬁ<2!)('5!ﬁ($,<2@*)<2%2H+*)'+*4&4&*))' [ﬁ_:*ﬁ(5+l"% #'5!2
/')$,<2m)($o0$&4& $,'N7ﬁ@ﬁMwr2©%2
9
4,*)+/+*2!*01*2]()'(*ﬁ<2!)'5%$,()L)<23n'B 2!)(ﬁ'$,()[! 2!)[4&;>?'0 #

  ?"=<5' 

 & '  *   ,0 0  &-&jﬃ

C^5!$' )()*0n%4,74,*)[F()x! 2!)N*)  -& *B I
  )*4,<24,*5'
}\3"=;?"% #'(($o5!4,*)sRj+*2H+'^+*)
9
ﬁ*4&4&5%4,*)y 4,'$&0+'B$&C35!*)
9
+*4,*ﬁ'(<2!)
9
0n5<2%)y<5x()y'(*ﬁ<2!)('5!$,()
9
M,M,M

M

j P)*ﬁ<2%H"=<)()$,%$&4&$&3+w"=<5'4& y'(*ﬁ<2!)('5!ﬁ($,<2N*)jF()j*)wQ5($&4o$&)'
ﬁﬀﬂ

Ë
¾
9
5!2[4&R<$&$,*4
l)($&0N5!4& #($&<2@'B #"%$&T*)sﬁ_:()P!5SH+*ﬁ*5'*M%
j nR'B 2!l/^$&*)()£ﬁW+*5!($,<2ﬂ£ﬁ£"!'(R'B 001l*2
>Z $,5!21<5!($&4!UBﬃ<$aW1"=<5'4,*) 2% 4,\^)(*)p-5;5%2xR' 2!;2!<0[!'U}+/+*2*01*23()y)($&0N5!4+*)Y*)(H2+*ﬁ*)()( $&'(M
k"=*2!% 2]
9
4,*)ﬁ_:()s©%2%)l4& N)($&0N5!4& #($,<2@ﬁ<01"%4.-L2T)<2]s"% )"!'B$&)*2Sﬁ<01"!Mﬃ
 ﬁﬀﬂ
5!($&4&$&)
*)"% #' 0+'$&) #($,<2!)*); $,3+*)Sﬀ'(*ﬁ<2!)'B5!ﬁ($,<2;pQ$&*23($,©% #($,<2§*)1" #'(($&5!4,*)x@*)
'+*)<4o5($,<2!)P*2ª+*2'R<$,[T*2A"=<)($&($,<2A*)P()V'*ﬁ<2!)'5!$&()M j<5!)Tﬁ*)P"% #'B 0S-'(*)£)<23T01*)5'^+*)
- x"% #'($,'U[4& 1)$&0n5%4& #($,<2Sﬁ<01"%4.-M
=
||
    		
 
,& '  )   ﬀ ﬂﬁ ﬃ  ! 
" #! $ ﬀ !  "  !  %#$ &
6
 ' "

[ﬁ@Bﬃ! #"%$,'1*)[4& ﬀ"%'^+"% #' #($,<2¨ 5W¦0*)(5'(*)L!)*ﬁ($,<2¨@ ﬁ@"%'(^%5!ﬁ($,<2
"% $&'(*)U[C^5! #' )U"! 2!)V4.ﬁW"+'$,*2!ﬁN6U
86
9
C^5!$p/^' $,VH+*0 #'('('T*2Dz#{{<~^M=6T5A
8i£k ﬁ<0;01
 5 j #'(<2
9
4&  "!'(!5!ﬁ($,<2IC35% #' ^)7" *2I"% $,'*)7ﬁ<2%)($,(55!2I)($,R<2! 4T' #'(D"% #'S' #"!"='(¨- 
4.*2%)*0[4,[*)T"!'(ﬁ*)()(5%)P$&)()5!)P*)lﬁ<4&4o$&)($,<2!)P$&2H+*4& )($&C^5*)V"!"pMk"=*2!! 23
9
4.«+*2'(R<$&N*)lﬁ<4&4o$&)($,<2!)

=ﬁ
8 ! 2!)s4,Vﬁ*23'(LT0 )()
9
|[>?<$&)"4&5!)1+*4&/+LC^5Q 5 8 #'(<2
9
*2!- N>Z */'$o)'y4.Q 2! 4,\)
9
 `/*;5!2¦ ﬁ'(<$o)()*01*23n)($&R<2!$,©% #($,>H4& ﬀ)*ﬁ($,<2m; ﬁ@%5¦)($,R<2! 4Y #*2!%5mﬁ<2v<$&23*01*2]S- ﬂ5!2
 5R<0*2]( #($,<2A'(*4& #($,/n01<$&2!'L*)y>?<2!!)y"!'B$&2!$,"% 5W:M
p*)V)*ﬁ($,<2!)P; ﬁ*)P(ﬃ+'B$&C35!*)P!5ﬂ)$,R<2! 4
P!*)y!'5!$&()!£><2!%)y<2]S+^+x<2!2+*)V! 2!)U4& x" #'(($,£(ﬃ+'$,M
Jl 2!)x2'S 2% 4,\^)(
9
4&*)m+/+*2*01*23())( 1)<23x'(*ﬃ'Bﬃ+*);% 2!)x4,*)x 2! 5W 3+*4,*ﬁ'(<2+*F() ¦
0N5<2,*()	
9
"=<5'V4,*)(C^5*4&)y5!2ﬂ!*)U=<)<2!).- $&))(5ﬂ*)UC^5! #' )U"D)[+*)($o2]-R'(x4,"!<2!$oC35*0*2]
£4.Q 5'xﬃ% '(<2!$&C^5*01*23M +*2+©%$o 2]NQ5!2D' #"!"='(l)($,R<2! 4w)(5!'T%'5!$,T #*2!!5"%4&5%)P>Z */' #4,
9
$&4
*)s"=<)()($&%4,VpQ #"!"%4&$&C^5'*)sﬁ'$,ﬁ-'(*)U£)^+*4,*ﬁ($&<2ﬀ"%4&5!))^+/-'*)PC^5- xJ£K )5'y4& ["=<4,R<$&l%57)$,R<2! 4
'(*Bﬃ'BﬃH+M
6V"!'*-*)s5!2T!'*-/£*)(ﬁ'B$,"!($,<2@*)s<2!2+*)s)($&0N5!4+*)
9
Fl"!'+*)(*2]' $=4,*)/# #'$& #%4&*)H!$o)(ﬁ'$&0$o2! 2]*)
5($o4&$&)^+*)S! 2!)ﬀ4.Q 2% 4,\^)(MU
p*)ﬂﬁ'$&ﬁ-'*)ﬂ¨)^+*4,*ﬁ($,<2)<23ﬂﬃ<$&)$&)ﬀ #©%2 ¨0$o2!$&0$&)('@4.Q$&2%ﬁ'(($,(5!
( 4,1)(5!'V4& 7)*ﬁ($,<2D; ﬁMprH2!)(5!$,
9
Fx+( $&4&4&' $j4o ;0+(ﬃ1x01*)(5'(Nx4& ;)*ﬁ($&<2@ ﬁ
x4,*)n"!'$&2!$&"% 4,*)L)<5!'ﬁ*)xQ$&2!ﬁ'(($&(5!*)[ v_=*ﬁ( 234& 0*)(5'(Mr2©%2
9
@"!'+*)(*2]' $s4,*)n'+*)(5!4&( #()
 #*2!%5!)£*2¦'0*)L)*2!)$,%$&4&$&3+*)l)( #($o)($&C^5*)l[)\)3+*0 #($&C^5*)[)5'L4& ﬀ)*ﬁ($,<2¨; ﬁ@01*)5'^+
"=<5'y4.*2!)(*0[%4&LLﬁ'$,-'(*)VL)3+*4,*ﬁ($,<2D<2!2! 23U4& 101*$o4&4,*5'(l)*2!)$,%$&4&$&3+M
/
cd 0fjQ
T
21{O3 K1f.K MffhMff
j<5!)L4&*)+/+*2*01*23()x)($&0N5!4+*)L)<23[$&))(5!)£*)£"%'(^%5!ﬁ($,<2!)T;$,*4o4,*)LQ6U
j6L'(*ﬁ<2!)'B5!$,()
- @4.Q $&[%5ﬂ"!'(R'B 001L;$&*4 
43

 
/')$,<2ﬂ/
= =
MQ{M

z

|#) 5>Y4,*)ﬀ+/+*2*01*23()657*()VC^5!$
)<23U'(*ﬁ<2%)'5!$,()y `/*[4& x/'B)($,<2ﬀ/
=
{MQ{M
=

M

81)($,R<2! 4Y $&2%)($wC3514,*)£ 5!'(*)L 2! 5W)( £<23D+3+@Rj+*2H+'^+*)n" #'98;:=<
?>

ËË
qMp
8*)+/+*2!*01*2]()
@A*nF()Y<23x+3+T)$&0n5%4B+*)Y"% #'Bi%C8;8AD

Ë
|qM^k*)*5WN"!'^ﬁ*)()5!)Y5($&4&$o)*2]FE HGJI %)(A"=<5'4,*)w' !$o #($,<2!)
*)+( #()N$&2!$,($o 48£©%2% 4
9
4,*)£H+*)($&233+R' #($,<2!)[[4.Qﬃ! '<2!$&)( #($,<2pM
8 ﬀ4o$,!' $,'B$,
 LKM> 
><5'B2!$,£4,*)
' #"%":'()y*0[%' 2!ﬃ!*01*2]V*)U4,"!<2%)=M

8*)m+/+*2*01*23()
 *)21('   
<2]§+^+"!'(!5!$,()["% #' 9: HG=NPO $&23'(>Z %+ */*RQSD
+3
%

"=<5'14,*)
=
|
r
O t  ﬀ6t
9
4&*)@+*)($o2]^+R' #($,<2%)ﬀ74qQﬃ! '(<2!$o)( #($,<2M<5'7<5!)S4,*)7"!'(ﬁ*)()(5%)
9
4,*)@>?<2!ﬁ($,<2!)7
!$o)'$,%5!($,<2!)" #'(<2!$&C^5*)y5($&4o$&)3+*)U)<23;:

 S8

~qM
<5'74,*)>?<2!!) 5#*()
9
4,ﬂRj+*2H+' #*5' 

Q(

 +3+5!($&4&$&)^+ﬀ"=<5'"%'(^%5!$,'(S4,*)"%'(^ﬁ*))(5!)
-&*

"% #'(<2!)*M^
8*)0N5!4,($&"%4&$&$,^+*)H)(5"s+'$,*5!'(*)"%'(`/$,*2!2*23H!*)H'B !$& #($,<2!)H*)+( #()U$&2!$,($o 4s©%2! 4
9
01+*4&$&)^+*)l" #' D
43
%

Mj<5!'L4,*)A+/+*2*01*23() 5ﬀ* [()
9
4& S)*ﬁ($,<2@ ﬁ*)£'(*2'B0 4&$&)^+A- 
"% #'($,'1!5' #"!"='(N*2]'(ﬂ4&*)N)(*ﬁ($,<2!)1; ﬁ*)
3
 5 *ª()

Ł
3
 5#*

()

<2%2H+*)1"% #' 

Q
(ﬁ

Mkn"%'(^+*!5!'(n2+R<4&$&RN4,*)Tﬁ<23'$,%5($&<2!)P*)V"!'(ﬁ*)()(5%)PN0n5!4&($,"%4&$&$&3+*)P$&2>*+'B$,*5'(*)M=k
ﬃ3\3"=(ﬃ-*)£*)(/# 4& #%4&l)$:4&*)y)*5!$&4&)£)^+*4,*ﬁ($,<2ﬂ*2ﬀ$&01"%5!4o)($,<2'B 2!)/')£)(5!'U4,*)8F()U)(<2]U)(5!;)( 0xE
01*23S+*4,/+*)
9
ﬁ[C^5!$=*)V4,L )PLﬁx 2! 4,\)M

8*);*5W§ #"!"%'(^Bﬃ*))($&0N5!4& #($,<2ª?' #"$&ﬀ<5 ﬁ<01"4Z-

)<23;5($o4&$&)^+*)! 2%)4.Q 2! 4,\)M
8*)
"='(>?'0 2!ﬁ*)NS4& D)3+*4,*ﬁ($,<2!5)($,R<2! 4H1*)N><2%!)n)(<2]x*)($&0+*)1)5'N4o )($o0n5!4o #($,<2mﬁ<01"4Z-M

8*)ﬀ$&2!ﬁ'(($,(5%*)@)(\^)^+*0 #($oC35*)ﬂ'(*4& #($,/*) - §4& §ﬁ<2!2% $&)()( 2!ﬁ¦!5+*ﬁ*5'D)<23 +/# 4&5+*))(5'ﬀ4& 
)($o0n5!4o #($,<2ﬁ<01"%4.-L 4&')HC^5l4,*)$&2!ﬁ'(($,(5%*))\)^+*0 #($&C^5*)y'B'(P(ﬃ+'B$&C35!l)(<2];+/v 4o5H+*)y)(5'
4& 1)$&0n5%4& #($,<27' #"%$&!M
/
cﬂJ
Z
Mf (f QSO3 K1f Mf  Mf xf
 f  O	

ks<001x- NJLK
9
2'(V)$,R<2! 4!*)(ﬁ<2!)(($,(5H+l"% #'!*)"% $&'(*)TC35% #' ^)H"ﬀ<23H4.Q5!2@)lH+*)($&23ﬁ-R'
*2 - 4,"!<2!$oC35NL4.Q 5'N*2@()Mp
8*)+/+*2*01*23()n
(
£'(*ﬃ'Bﬃ+*)N)<2]L!<2!x #' ﬁ3+'$&)^+*)n"% #'L4& 
"!'+*)(*2!ﬁ@Q5%2m4,"!<2 $&)<4+@n@R' 2!7$&01"%5!4o)($,<2D' 2!)/'B)
9
Q5%2R' 2!!§+*2'(R<$,7' 2!)(/')
0 2%C35! 23
9
1C^5! #'(T()£1R' 2!1$&0"%5!4&)($&<2ﬂ' 2!)(/')<23£*5W()L$&))(5!)T4& 7>'B #R<01*2E
( #($,<2¨[4.Qﬃ! '<2!$&)( #($,<2@C35! #' ^) %M8
8*)L"!'(ﬁ*)()(5%)£!5¨¡ﬂ-*4, ( 2!! #'¨C^5!$w"=*5/*23L */<$,'N4& 
0ﬀ¤*01n)($,R<2! #(5'LC35L2!'([)($,R<2% 4)<2]V4,*)U0ﬀ¤*01*)V 5ﬂ
8i£kIP 5 8 #'(<2pM
ks":*2%! 2]
9
4&*)[)*ﬁ($,<2%)£; ﬁ*)N(ﬃH+'$&C^5*)LN4,*)£"!'"!'$+*)[$o2H+*0 #($&C^5*)[!5m)($,R<2! 4Yn*)
>?<2!!)N)<23!$a_P+'*2]*)Mk*)1ﬁ<0"% #' $&)<2%)N)(7'<5/*2]% 2!)x4& A" #'(($,
=
M^M
=
Mz^MHr2"% #'($&5!4&$,'
9
4& 
)*ﬁ($&<2S; ﬁ[
(
y*)y*23/$,'(<2ﬀﬁ*23U><$o)s"%4&5!)R' 2!!l 5A
8i£kIC35Q 5#8 #'(<2
9
U4,£' #"!"='(*23'(
4,*)s)*ﬁ($&<2!)s; ﬁ*)P%57)$,R<2! 4:U!57!'5!$&Hl>?<2! 5&*SF()y*)(s%$aW;>?<$&)s"%4&5!)HR' 2!pM!ks*)sR< $&2!)*2
)( #($o)($&C^5lP*2ﬀ"%5!'(3+L"='01*23PQ #"!"%4o$&C35!'*)Pﬁ'$,ﬁ-'(*)V"%4&5!)s)^+*4,*ﬁ($,>Z)P)5'U4,L)($,R<2% 4.M

Q$&2!ﬁ'(($&(5!nﬁ<0;0n5!2!- S<5*)L4,*)l 2! 4,\)*)£6U
j6*)(L4,12!$,/* 5¦*)T>?<2!!)£0N5!4,($ ()Mpk*)
"!'^ﬁ*)()5!)
9
H+*ﬁ'$,()Y! 2!)Y4&H"% #'B #R' #"%ﬃ
=
M^Mz
9
)(<2]Y!$,@$&4,*)y- £)($&0N5!4,'"!'("!'(*0*2]MJTy"%4&5!)
9
4,*)w( 5W
£'«F()T[ﬁ*)P><2!%)P! 2!)PﬁN 2! 4&\^)n)<2]V[4.'!'(L
=
{
9
ﬁnC^5!$p2+*ﬁ*)()($&n5!2L)(( #($&)($&C^5
+*C^5!$,/# 4,*2]
9
$&01"=<)()$,%4,A- Rj+*2+''*2m"%' #($&C^5Mj<5'x4&$&0$&'n4,*)n$&2!ﬁ'(($,(5%*)[4&$+*)x 52!$,/* 5
ﬁ*)V><2%!)
9
4,*)V)*5!$&4o)y*2 +*2'R<$,n)(5!'P<5!)T4,*)UF()V'(*ﬁ<2!)'B5!$,()U<23ﬂ+^+1 5R<01*233+*)l"% #'P'B #"!"='(N- 
JLK Pﬁ''(*)"=<2!*23U 5Wﬀﬁ<2!!$,($,<2%)y*)Uﬁ<4&4&$o)($,<2!)s 5ﬂ
jilkTM
6V©%2!U!$a_P+'*2!$,'4,*)x+/+*2*01*23()
(
)*0$o4,"!<2!$&C^5*)w+*NF()<5;*NF()!*)!$a_P+'(*23()>?<2!!)
9
'(<$o)y2!$,/* 5WﬀL)^+*4,*ﬁ($,<2<237+3+x0$&)s*2A"%4& ﬁ
"
$
4& D"!'^+*)3+*4,*ﬁ($,<2 !*) +/+*2*01*23()?*2§><2!ﬁ($&<2ﬀ4& )($,R<2! #(5'7'*ﬃ'BﬃH+
"
4,"!<2
9
+*2!'(R<$,
' 2!)/')(L0 2!C^5! 2]
9
F()
9
F()S+($oC35^+*)#%

"='01UL'«F'P4q*)()*23($,*4p*)y>?<2!!)#
$
4& £'(*ﬁ<2!)('5!ﬁ($,<27*)H:<)(<2!)- 4,"%<2!$&C^5*)ﬃ! '(<2!$oC35*)*)*5WC^5! #' )"S"='01
Dﬁ<23' $&2%'(¦4.}+/+*2*0*2]ﬂﬀ¦!$o)(ﬁ'$&0$o2';4,¦)($,R<2% 4V*)S>?<2!!)S2ﬁ<23*2! 2]A"% )Sﬁ*)
"% #'(($&5!4&*)
=
~#{
$4& £'(<$&)$Z-*01ﬂ+( #"=£ﬁ<2!)($&)(P*275!2P 2! 4&\^)T!$&)(ﬁ'B$&0$&2! 23U0N5!4,($,/# #'$+VC^5!$!ﬁ<0n%$&2!P"%4&5%)($,*5')
/v #'$o #%4,*)Mjk7'2!$&'[2!$,/* 5 @)^+*4,*ﬁ($&<2m"='01NQ )()(5!'('[5!2 ﬁ<2]'v¤<4&7*)[><2%!)L<55!2
'^+*!5!ﬁ($,<2ﬂ)5"!"%4+*01*23( $,'(£!5A2!$,/* 5ﬂ*)U><2!%)M
 
])^P]_ `ab
cd
b
cepc 5glkmnf Rced
b
c
b
cefRc vcefhgld

*ﬁ($,>Y[ﬁ*)Tﬁ'$,ﬁ-'(*)V*)Vn)3+*4,*ﬁ($,<2!2'l4,*)S+/+*2*01*23()l"!'+*)*23( 2]l4.«+( #T©%2! 4'(*Bﬃ'BﬃH+
<58*2L#_=' 2]w5!2Y"%'(*0$.-'( )H'(«F*ﬁ($&<2[*)8"!'$&2!$&"% 5WP>?<2!!)p 5N)($,R<2% 4.Mk*)8ﬁ'B$,ﬁ-'(*)8"=*5/*23
)'/^$,'yl% )(Lﬁ<00n5%2@- x<5*)U4,*)y 2% 4,\^)(*)Ul'(*ﬃ!'ﬃnl"% $,'(*)yLC^5! #' )s"
"
01*)(5!'(£*)
"!'"!'$+3+*)£!5DC35! #' ﬂ" Z0 )()
9
)"$&2Bﬃ! #'(R
9
M,M,M

<501*)(5'N14.Qﬃ+*4o$&$,3+N%5 - $&)()(5!5D"¦"% #'
ﬁW*01"%4,M
	
ﬃ! ﬃ%$ﬃ%$
É
¯
°^±?°
®³
µ
À
¶ &w´ ±?°
Ç8³À
¶Iµ
Á`À
±
¯
°

8*)L4,"!<2%)L! 2!)L4&*)D+/+*2*0*2]()N)( n 5 8 #'(<2 <5m 5 
8i£k <23[*)[ #'B ﬁ3+'B$&)($&C^5*)N)($&0$aE
4& $&'(*)
"
$&4o)Y"!'(/^$,*2%2*2]pQ5!21=<)<2 - $&))(5Q5!2;C35! #' N"8M^k*)4&"!<2!))(<2]$&)<4+*)
9
ﬁ*23' 5W
R' 2%£$&01"%5!4o)($,<2'B 2!)/')M!
j 1)3+*4,*ﬁ($,<2ﬂ%5ﬀ4,"!<2ﬀ<$,s"='01'l!L)3+*4,*ﬁ($,<2!2'P; ﬁ*01*23
4,l)($,R<2% 4<5!y*2S'(«F( 23P4,*)s>Z 5WS4,"!<2!)s$&)<4+*)P$&)()(5!)£0 5/# $&)*)y$o*2]($&©% #($,<2!)sH()
9
y*4&4,
<$&H'(*)(":*ﬁ'y4,*)s)*5%$&4&)T+*4&*2!ﬃ*0*2]N- N6U
j6
9
©W+*)[- x*)/v 4,*5!')"%4&5!)1+*4,/+*)VC35- xJLK*2
' $o)<2ﬀQ5!2S"%4o5!)>'(P( 5Wﬂ^5!"% #($,<2ﬀ!5ﬂ+*ﬁ*5!'*M
ks<001S- 7JLK
9
4&['(«T!*)ﬀ+/+*2!*01*2]()[ */*x5!2D*5W$Z-*01n4,"%<2$&)(<4B+n 5R<01*2314,['«FT*)
+/+*2!*01*2]() @9*7F()s
(

 4&4 
9
s"='01sQ )()5'('s4.'((ﬃR<2! 4o$,3+l `/*L4,*)s 2! 4,\)*)
(
y! 2!)4,
 2! 48!$&4,"!<2pM

8*)1©!R<5'*);|3Mz^M
=
01<23'(*23;4,*)1!$&)('$,%5($&<2!)L*2 $o01"%5!4&)$,<2¨' 2%)/')ﬂ1*2 "%)*5!#Eq'B #"%$&!$,^+
*)¦+*4,*ﬁ'(<2!)N"=<5'[4&*)¦+/+*2!*01*2]();@)($&R<2! 4n":<5!'n4,*)[!'5!$,()n>?<2! "!'$&2!$&"% 5W=M=rH4&4,*)n$&4&4&5!)E
'(*23£4,[>Z $,£C^5N4&*)ﬂ+/+*2*01*23()L
(
£! 2!)T4,*)l 2! 5WD *F()l<5" *()T)(<2]£ #' ﬁ^+'$&)^+*)n"% #'l4& 
"!'+*)(*2!ﬁ£Q5!2S4,"!<2 +*2'(R+($&C^5Lyﬁ*23' 4.M!
8 x!$o)'$,%5!($,<21*2S$&01"%5%4&)($,<21'B 2!)/')£*)y4&"!<2!)
*)n'-*)x)($&0$&4o $,'(x! 2!)[4&*)¦+/+*2!*01*2]()x
(
n<5 5 *¨()Mj
8@ )N*)n4&"!<2!) ¨*)["%4o5!)L!$,@$&4,- 
' $&'
"
$&4&)l"=*5/*23L #"!"% #' `¤ ¥&'()<$,L)<5%)L4& S>?'01Q5!2¦4&"!<2  
 4
9
4
5

9


9
)(<$,[T()
C^5!$":*5!/*2]T¤'(£'(*ﬁ<2!)('5!$,()ﬁ<001L*);+*4,*ﬁ'(<2%)Mk"=*2!! 23
9
4&*)4&"!<2!)"!'(/*2! 2]U!*) 7)<23
01<$o2!);+*2'(Rj+($&C^5*)M6T5!5!2Aﬁ'$,ﬁ-'([L)^+*4&*ﬁ($,<2A/$&)( 23n- x'(«'V4,*)P4,"!<2!)ﬀ2p*)P #"!"%4o$&C35+M

8*)sﬁ'$,ﬁ-'(*)y£)^+*4,*ﬁ($,<2ﬀ)5'4&T4,"%<27)(<2]y4,*)s)(5!$&/v 23()
"
5!27)*5!4:4,"!<2S$&)(<4B+l!<$,V¤'(£'*ﬁ<2!)FE
'5%$,N`+*4,*ﬁ'(<2£0N5<2

M:O«4<$,n¤'(1NR' 2!x$&01"%5%4&)($,<2S' 2%)/')ﬀ?"



z#{
Ã
 zv

£! 2!)
4.Q ﬁ"%( 2!ﬁn!5ﬀ+*ﬁ*5!'T£'B ﬁ*)N
 


z¾

M

8*)P@ $,3+*)LN'(*ﬁ<2!)'5%ﬁ($,<2AlQ$&!*2]($,© #($,<2%5A4,"!<2<23A+^+1*)($&0+*)£)5'T5%2A4,l
F/^' $&)	4,"%<2!)¨+*2!'(Rj+($&C35!*);$&)()5!)n!*)x"% $,'(*)N)( *MY
pﬀ4,"%<2 *)(1'(*ﬁ<2!)'5%$,N `/*ﬂ5!2ﬀ$&0"%5!4&)($&<2
' 2%)/')N)(5"s+'$,*5!'(7- @z#{
Ã

Ł
NV*)T )()$B+1 5A4,"!<2Rj+*2H+'^+;! 2!)V5!2A]¤<2! 1t {
=
Mp|#~ 
*)A+*4,*ﬁ'(<2%)l
r
  !*)V0N5<2!)l)<23£ )()$B+*);- 74&*5'V" #'(($&5!4,nRj+*2H+'^+Mjr23/$,'(<2¾¾  q|#¾ 

*)
+/+*2!*01*2]()1!@)($,R<2% 4! 2!)n4,; 2! 4 F *()	§   *F() 

)(<2]N)3+*4,*ﬁ($,<2!2+*)Mk*)[; $,^+*)1)<23
)*2%)($,%4,*0*2]4,*)y0S¤*01*)U"=<5'y4,*)@+/+*2*01*23() 5 *S()y
  *)21(' {DRﬃ
*2S/<$&£M!r4&4,*)s!$o0$&2^5*2]
*2m><2!ﬁ($&<2m!5 2<0[%'(;l()N #'N4& A)(5"='("=<)($,($,<2!5 4,"!<2 )(5'[4,*)yF()n*)n"%4&5!)£>?'+*C^5*2]¨- 
"%4o5!)sﬃ! 5[0N5!4,($,"4&$&$,^+M

8L( 5Wﬂ[0; 5/v $o)[$&*23($,©% #($&<2ﬂ[4,"%<2!)y*)V*)($&0+n)5'P*)YF()VQ$&01"%5%4&)($,<27' 2!)(/')
)(5!"+'$,*5'(@- 7#{
Ã

Ł
#M=JV*)T>Z ﬁ*5')V['(«PN4.''Ln¾¾#{{7"=<5'P4,*)y>Z 5W+*4,*ﬁ'(<2%)P£|#¾#{{
=
~
=
 (GeV/c)e
T
p
0 20 40 60 80 100 120 140 160 180 200
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
0.2
0.22
(electron)
T
p
 e+jets→tt
+jetsτ →tt
W+jets
eη
-3 -2 -1 0 1 2 3
Pr
ob
. d
en
si
ty
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
(electron)η
 e+jets→tt
+jetsτ →tt
W+jets
'&%)(+*%|3Mz^M
=&, 
*
 F/
:
8C
)
6;A =ﬁ>D6F8<D17=8ﬂ1 %

>@?>D/

1'& 17A F8ﬂ17/2
) ,
=ﬁ> C 2DC A  1 %

>2D=
)
CEAB1'&+2178 1
:
1

A =
)
6F8n=1

)
68A =/0CEA 8  
)
/0=
2178  17<  176l1
*
176A 8942> 6F8
:
178

>D6>D/$   2	;17A
  2	ﬃj17A  
)
/0=
:
178 *
)
62D8  2	 	
"=<5'L4,*)[>? 5W0N5<2!)[<2]N $&2!)($n+3+S*)($&0+*)MjO«4&)L/v #'$&*2]L*2m><2%ﬁ($,<2¨;4o ﬂ0n5%4,($,"%4&$o$,3+N*2ﬀF()n
4.«+/+*2*01*23
9
ﬀH+":*2%*2]ﬀ*)S #' ﬁ^+'$o)($&C^5*)ﬂ$&2+*0 #($oC35*)SS"=<4,R<$&C^5*)S*) +/+*2!*01*2]()
0N5!4,($ ()MO«4o)7+"=*2!!*2]ﬀ 5!)()$T!*)@"='(>?'0 2%ﬁ*)S'^+*4&4,*)ﬀ*)ﬀ+*ﬁ*5'B)ﬀﬂ*)ﬀ 4,R'$&(ﬃ!01*)S
'(*ﬁ<2%)'5!ﬁ($,<2pM
	
ﬃ! ﬃ%$ﬃ" 
É
¯
°^±?°
®³
µ
À
¶ &°
Á
°
³`ÁÅ8­
&j²
À
¶µDp´8°
Á
ks<001¨ 5 j #'(<2
9
4&*)NF()A$&)()(5!)ﬀ!*) +/+*2*01*23()
(
A)<23A0 '$,( $,'(*0*2]ﬂﬁ*23' 5W
+*2'(R+($&C^5*)
9
- £4& £!$a_P+'(*2!ﬁP!Uﬁ*5WN"%'(`/*2! 23*)N+/+*2*01*23()5ﬂ*[()Y0N5!4,($ ()M3k"=*2!% 2]
9
4.«+*2'R<$,!$&)"=<2!$&%4,n% 2!)L4& ﬀﬁ<4&4o$&)($,<2D*)L"4&5!)A+*4,/+7 5m
jilkTMjks*4& ﬀ)' %5!$,l"% #'[*)sF()["%4&5!)
+*2'(R+($&C^5*)T! 2!)U4&*)@+/+*2*01*23()T
(
PC^5L! 2!)U4&*)@+/+*2*01*23();5 *F()M

j )3+*4,*ﬁ($,<2 *)D() <$& )( #($&)>Z $,'(ª 5W ﬁ<23' $&23*) )(5%$,/v 23*)MrH4&4,ª<$,"='0'(ª
)^+*4,*ﬁ($&<2!2'p; ﬁ*0*2]w4,)($,R<2% 4#<5*2L'(«( 2384,*)>?<2!!)M%j<5!)p4,*)p!'5!$,()=><2!£ 5W+/+*2*01*23()

(
D)<2] #' ﬁ^+'$&)^+*)¨"% #'5!2! 0N5!4,($,"%4o$&$,3+¦01`\*2!2! *2 F()"%4&5%)ﬂ>Z $,%4,¦D"% #'!*)1()0<$&2!)
+*2'(R+($&C^5*)M<
j l)3+*4,*ﬁ($,<21*)%()Y<$,L+R< 4&*01*2]":'B01'(s0;$&2!$&0$o)'84,*)w$&2!ﬁ'($,(5!*)4&$+*)w 5
2!$&/* 5ﬀ*)y>?<2!!)U0N5!4,($ ()
9
<23P4& 1)*ﬁ($&<2ﬂ; ﬁNH+*ﬁ'(¤ ¥,U*2ﬀ>?<2!ﬁ($,<2AL4.Q$&01"5!4&)($,<2@' 2!)(/')
*)U()n"%'(^%5!$,()MprH2©%2
9
ﬁ<0017":<5!'n4& )3+*4,*ﬁ($,<2!5 4,"!<2
9
4& A)^+*4&*ﬁ($,<2*)UF()x<$,n'(*)"=*E
'4,*)x)*5%$&4&)NﬀH+*4,*2!ﬃ!*01*2]- ¦6P
86
9
"4&5!)¨+*4,/+*)@C35- JLK *2' $&)<2§Q5%2 "4&5!)n>'(x( 5W
5"% #($&<2ﬀ!5ﬂ+*ﬁ*5'*M

8*)T©!R<5'(*)£|3Mz^MzS01<23'(*2]£4,*)l!$o)'$,%5!($,<2!)s*2$&01"%5%4&)($,<2ﬀ'B 2!)/')x*)()£n"4&5!)UR'B 2!
$&0"%5!4&)($&<2¨' 2!)(/')MH
8*)!$&)('$,%5($&<2!)["=<5'4&A)($,R<2! 4s@4,*)1>?<2!!)1"!'B$&2!$,"% 5W¨'(*ﬁ<5/^'(*2]75!2
0ﬀ¤*01xR< 00xp}+*2!'(R<$,x' 2!)/'B)M
p*)F()l)<23£0 '$,( $,'(*0*2]lﬁ*2]'B 5W
9
ﬁ<00x4qQ$&4&4&5!)('(L4& 
©!R<5!'(|3Mz^M^MyJT*)ﬀﬁ'$,-'(*)S)(5'S4.Q$&0"%5!4&)($&<2 'B 2!)/')?"



{
Ã
 zv

S4& m"%)*5!#Eq'B #"%$&!$,^+

 


z¾

*)H()+*4&$&0$&2!*2]l $&2!)($5!2N"% #'(L$o01"='(( 2]x1ﬁ*)£>?<2!!)M
j @©%R<5'(;|3Mz^M

01<23'(
4& A0n5!4&($,"%4&$&$&3+;*2ﬀ()nﬁ*23' 5W m+*2'Rj+($oC35*)N"=<5'N4,*)¦+/+*2*01*23()@)$,R<2! 4x4,*)n!'5!$&()L
>?<2!ﬀ"!'B$&2!$,"% 5W:M
p*)ﬀ+/+*2*01*23()l
(
P)<23V #'B ﬁ3+'B$&)3+*)l"% #'V5%2[0N5!4,($,"%4o$&$,3+£)(5"s+'$,*5!'(@- ﬁ*4&4,n*)
+/+*2!*01*2]();57*ﬂ()UP0N5!4,($ ()M

8*)Y()T)<2]T"!'+*)^+*4,*ﬁ($&<2!2H+*)£)Q$&4&)P)<2]lﬁ*23' 5W 
 

 
z¾

T)$84,*5'V$&01"%5!4o)($,<2S' 2!)(/')
=
~z
 (GeV/c)jet 1p
0 50 100 150 200 250 300 350 400
10×
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
(jet 1)
T
p
 e+jets→tt
single top voie t
W+jets
 (GeV/c)jet 2p
0 50 100 150 200 250 300 350 400
10×
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
(jet 2)
T
p
 e+jets→tt
single top voie t
W+jets
 (GeV/c)jet 3p
0 50 100 150 200 250 300 350 400
10×
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
0.2
0.22
(jet 3)
T
p
 e+jets→tt
single top voie t
W+jets
'&%)(+*p|3Mz^Mz
,  
*
 /
:
8C
)
6#A =ﬁ>D6F8<D17=8 12178

17A 8 2> 6F8
:
178  17<  1761
*
176A 8 21@8C ?D6>
:
ﬃ
-
8C 60?
:
1 A
)
  0 176 <
)
C 1 A 17A     2
jetsη
-4 -3 -2 -1 0 1 2 3 4
Pr
ob
. d
en
si
ty
0
0.01
0.02
0.03
0.04
0.05
0.06
(jets)η
 e+jets→tt
single top voie t
W+jets
'&%ﬁ(R*Ê|3Mz^M
,  8 17/F2
),
=ﬁ> C 2 CEA  1 2178

17A 8 2>D68
:
178
 17<  176l1
*
176FA 8R21P8C ?D6>
:
ﬃ
-
8C 60?
:
1PA
)
  0+176#<
)
C 1PAq17A    2	
N(jets)
0 1 2 3 4 5 6 7 80
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
N(jets) :
 LHC
 TeVatron
'&%ﬁ(R*w|3Mz^M
 ,
.
/
:
A C  
:
C

CEA  1 176

17A 8  
)
/ =
:
178  =
)

1788/ 8 94(ﬃ
-
8CE60?
:
1A
)
  0n176 <
)
C 1jA 17A    2	 	 GI178

=CEA

17=178 218  1
:
1

A C
)
6
8
)
6FA 


    317A   

 
	ﬁﬀ ﬂ 	
=
~
*)£)(5!"+'$,*5'(ﬂ- ﬂ#{
Ã

Ł
#M ^*5!4o)Vﬁ*)()L)<23l"!'$&)T*2¦ﬁ<01"%N"=<5'£4& 7'(*ﬁ<2%)'5!ﬁ($,<2¦ﬁ<0"%4Z-
L4q}+/+*2*01*23VP":<5!'U4& 1ﬁ<2!)($,(5!($,<2ﬀ*)y/# #'$& #%4&*)s":<4&R<$&C35!*)yR<4,% 4,*)*M
ﬂT2U4& ))($,©% #($,<2;*)x+/+*2!*01*2]()"% #'H$&2]'/v 4&4&s!P0n5%4,($,"%4&$o$,3+H*)H 4,')Yﬁ_=*ﬁ(5H+l*21><2%ﬁ($,<2
!5 2<0[%'(1F()7)3+*4,*ﬁ($,<2!2+*)
9
#*)(FE- vEG!$,'(ﬁ*2]'B 5W
 

 
z¾

SQ$&01"%5%4&)($,<2' 2!)(/')
)(5!"+'$,*5'(- 

{
Ã

Ł
#MYr23/^$,'<2
Ë
{  *)¦+/+*2*01*23()S)($,R<2% 4<23N 5§01<$&2%)L'(<$&)U()MkT*)
 5!))($4,L )U"=<5'P#{  "=<5'U4,*)7+/+*2!*01*2]()   *)21(' {DRﬃ *2ﬀ/<$,LM

8*)1+/+*2*01*23() 5*DHF())<23' $&3+*)sQ5%2U0 2!$.-'(T!$a_P+'(*2]V"%5!$&)C35Q$o4&)[+( $,*2]s$&2ﬁW$&)( 23()
 501<01*23£xﬁ; 2! 4,\)M=
; $,^+;!x)^+*4&*ﬁ($,<2¦*)A+/+*2*0*2]()95 * L()l*)£ 4&5!4+- 
"% #'($,'Y*)Y"!'( #%$&4&$,^+*)wU)^+*4,*ﬁ($&<2;$&2!%$,/^$o!5*4&4,*)8*)F()H! 2!)Y4,*)N+/+*2*01*23() 5ﬂ*

()M<r23/$,'(<2

{  *)¦+/+*2*01*23() 5 *n()[<23[ 5 01<$&2!)£'<$&)s()[ﬁ*23' 5W 
 


z¾

nQ$&0"%5!4&)($&<2
' 2%)/')L)(5!"+'$,*5'(@- 

{
Ã

Ł
#M
	
ﬃ! ﬃ%$ﬃ 
É
¯
°^±?°
®³
µ
À
¶ &°± 
¯
°^¶j°^²
C
µ°
³
²
­
¶
Á
°^²
Á
°"B
­
¶ Dp´
­
¶
³
°

8*)l+/+*2!*01*2]()w)( j'(*ﬃ!'ﬃ+*)w)<23j #' ﬁ^+'$o)3+*)w"% #'j4& U"!'^+*)*2!ﬁQ5!2YR' 2%1+*2'(R<$&' 2!)(/')
0 2%C35! 23x'(*ﬁ<2!)'B5!$,M8k$&2>?'0 #($&<2A"='01£1!$o)(ﬁ'$&0$o2'P4,1)($,R<2% 4j*)l>?<2!!)l0N5!4,($ ()
*)()(*2]($,*4o4,*01*23;? @ *()L! 2%)L5!2101<$&2%'(101*)(5'

":<5!'l4&*)(C35!*4&)£4.}+*2'(R<$,1'B 2!)/')@0 2E
C^5! 23L*)y*2R*2!!'^+["!'$o2!$,"% 4,*0*2]"% #'P*)Uﬁ_:()V4&$B+*)U 5A+*ﬁ*5!'VN- ;4& x'(*ﬁ<2!)'B5!ﬁ($,<2M
s$,*2¨C^5;4&*)L!$&)'B$,%5($,<2%)V@4.Q$&01"%5%4&)($,<2' 2!)/'B);!5¨2!*5'$&2ﬂ% 2!)L2'(@)($,R<2! 4)(<$,*2]n)*0xE
%4o #%4,*) 5 j #'(<2N8 5[
jilk
9
4,*)p!$o)'$,%5!($,<2!)*2D+*2'(R<$,' 2!)/')(H0 2!C^5! 23)<238!$a_P+'(*23*)
- £6U
j61T- LJLKNM<rH21ﬁ_:
9
- L6U
j6
9
4&*):F()H)<23"%4&5!)n+*2'Rj+($oC35*)H4,*5!'0n5%4,($,"%4&$o$,3+H*)"%4&5!)
R' 2%L! 2!)y4,L)$,R<2! 4ﬁ<001N! 2!)y4,*)U><2!%)Mk*$p)£'B !5!$,y"% #'U5%2£/v 4&*5'P01\*2!2L*2+*2!'(R<$,
' 2%)/')L0 2%C35! 23L"%4o5!);+*4,/+xC35p- 1J£K
9
ﬁ<001[4&L01<2]'[4& x©!R<5'n|3Mz^M¾^M
 (GeV)Tmiss E
0 50 100 150 200 250 300
Pr
ob
. d
en
si
ty
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
 :Tmiss E
 e+jets→t t
+jetsτ →t t
 W+jets
'&%ﬁ(R*Y|3Mz^M¾
,   1

A =1;176  176l17= ?DC 1 A =ﬁ>D6F8<D17=8 1
*
>D6  />D6FAB1
=1

)
6F8A =/0CEAB1  
)
/0=
:
178  17<  1761
*
176A 832ﬀ42    2	ﬃ
    2ﬃ
17A    2	 	

8V)*5%$&4%Bﬃ<$&)($)(5'H4q}+*2!'(R<$,T' 2!)/')(V0 2!C^5! 23T!<$,H)( #($o)>? $&'(P 5W;*5W;ﬁ<2!!$,($,<2%)ﬁ<23' vE
!$oﬁ<$,'(*))(5!$,/# 2]*)*Mk£/# #'$& #4,P*)s'*-*)U5!($&4,P"=<5''(«'U4,*)><2%!)H0N5!4,($ F()
9
<234o nﬁ<2!2% $&)FE
)( 2%ﬁ;*)N*2!ﬁ'(@'-*)N #"%"!'(*W$&0 #($&/M ﬂT2m)*5%$&4x+/*4+S"='01' $,N;4&$o0$,'[4& ﬁ<2]'B$,%5($,<2m*)
>?<2!!)j0n5!4&($ F()jY*)$&2!ﬁ'(($,(5%*)8 )()(^$+*)M3ks":*2%! 2]
9
4.*ﬁ($,>!s4.Q 2! 4,\)H*)Y 5!)()($3HR< #'B'
5!2N2<0n!'(s$&01"='(( 23p}+/+*2*01*23()
(
wY<2!yﬃ<$o)($,'w5!2n)(*5!$&43"%4&5¤% )*2m+*2'(R<$,s' 2!)(/')
0 2%C35! 23M%<5'U'+* 4o$&)'Pﬁ[ﬁ<0"!'(<0$&)
9
4,Lﬁ'$,-'([!L)3+*4,*ﬁ($,<2ﬂ*)(
"
r



{
Ã
xM
=
~

	ﬃ! ﬃ%$ﬃ
É
¯
°^±?°
®³
µ
À
¶ &°
Á
°
³`Á ¯
°
³
µ Dp´j°
³j¯
°
Á %

j A+*)($o2]^+R' #($,<2!*)¨+/+*2*01*23()x)( n"!'^!5%$,L*5WS()n!@C^5! #' ) %Mwks<001- DJLK
9
4.Q$&*2E
($,© #($,<2 !*)U()x=* 5W¨"='01x7'^+*!5!$,'(74,*)N><2%!)n0N5!4,($ F()
9
5 *m()n @ * F()
9
<2314,*)
ﬁ<23'$,%5!($,<2!)s<0$&2% 2]*)y! 2%)yﬁ*)y"!'(ﬁ*)()(5!)y)(<2]U4,*)j()U£)( `/*5')V4B+R-'*)M=k<2#F<$,*0*2]U `/*
4.Q 0+*4o$,' #($,<2D!5ﬂ'B #"!"='(V)($&R<2! 48)(5!'P!'5%$,
9
4,*)Tﬁ'$,-'(*)£)(5!'V4.«+($&C^5( #R*)F()#%l"='0*2]l
!$o0$&2^5'4.ﬁ_=*)$&2!ﬁ'($,(5!*))(\^)^+*0 #($oC35*)
9
'*4& #($,/*01*23+*4,/+*)y! 2!)4,P )sTﬁ*)H"%'(^ﬁ*))(5!)
0N5!4,($ ()
9
57*A()y;@ *A()M
ks<2]' $&'(*01*237- ﬂJLK
9
4.Q 4&R'$,(ﬃ!015!($&4&$&)^+- ﬂ6P
86D"=<5'D+($&C^5'N4&*)F() %N'("=<);)(5!'[4,*)
' ﬁ*)N )()$+*)N 5ﬀ
9
[2!<2m)(5'n4& ﬀ"!'+*)*2%ﬁ@Q5!2m4,"!<2m% 2!)L4,lM£2m)Q #*2! <2!- 5!2
2!$&/* 5ﬀ*)y>?<2!!).@ *ﬂ()U"4&5!)>? $&%4,£C35![! 2!)y4.Q 2% 4,\^)(£"!'^+*)*233+x */*nJLK
9
"%5!$o)(C35pQ 4,')s4,*)()
+( $,*23P"!'B$&2!$,"% 4&*01*2]+($&C^53+*)1- ; 5!)[L4&*5'U)(5"='("=<)($,($&<2@ `/*[5!2ﬀ4,"%<2ﬀ"!'(/*2! 2]T!5 [M

8*)VF()§+($&C35!3+*) %@)( #($&)>?<2] 5W§ﬁ'$&ﬁ-'*);ﬀ)^+*4,*ﬁ($,<2 *)V()A?" 	



{
Ã
 zv

)<23
! 2%)P4.Q ﬁ"!( 2%ﬁx!*)V+*ﬁ*5'B)T![' ﬁ*)lT[/'(ﬁW
 

 
z¾

M
p*)ﬂ+/+*2*01*23()£)( V<2]T*2
01\*2!21{M
Ër
F£$&!*2]($,©s+U%
9
ﬁ<23'(1{MQ{]|#¾7£{M¾z7! 2!)l4,*)ﬂ+/+*2*01*23()65ﬀ*DF()l 
 *B 1('  DRﬃ
*2/<$,
9
ﬁ<0011$&4&4&5%)'^+L"% #'l4& ©%R<5'(x|3Mz^M
Ë
MJl 2!)l4,*)ﬀ+/+*2*01*23()£ ( 
9
4& @01<$,($+x*)Y()l4,*)V"%4&5!)
+*2'(R+($&C^5*)V"!'(/^$,*2%2*2]U!*)UC35% #' ^)&%M
N(b-jets)
-0.5 0 0.5 1 1.5 2 2.5 3 3.5
Pr
ob
. d
en
si
ty
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
N(b-jets)
 e+jets→tt
single top voie t
W+jets
'&%ﬁ(R*A|3Mz^M
Ë ,
)+*9
=1 21

17A 8 8  1
:
1

A C
)
6F6  178 % 



    ﬃ   
 
ﬁ 	ﬁﬀ ﬂ &@17A  17A C /F17A  178 	P2 >D6F8
:
178  17<  1761
*
176A 8

4
 ﬃ
-
8CE60?
:
1@A
)
  0 176 <
)
C 1 Aq17A    2 	

8*)A+/+*2*01*23()N *\< 23['(<$&)()+($&C^53+*) %n21)<23£"% )£5($&4&$o)3+*)T% 2!)lﬁ@ 2! 4,\)x"=<5'£4,*)
' $o)<2!)[)5!$,/# 2]*)Mwk;'(<$o)($Z-*01[FN$&*23($,©+ %x"%'(`/$,*23n)<$,NQ5!2¨0; 5/v $o)¦+($&C^5( #R
9
)<$,NQ5!2
C^5! #'  %V$&)()5@*)yﬁ<23'$,5($,<2!)*)s''*))5"+'$,*5'B)U*)s'B !$& #($,<2!)! 2!)s4.«+( #P$o2!$,($& 4%<5S©%2! 4.M
Jl 2!)nﬁ@ 2! 4,\)
9
<2 )<5!ﬃ! $&ﬀ¤'(@4,1"4&5!)£$&2!+"=*2!% 2]£"=<)()($&%4,x;ﬁ*)Lﬁ_=()N #©%2¨'+*%5!$,'(
4,*)[$&2!ﬁ'(($,(5%*)£)\)3+*0 #($&C^5*)n ))^$+*)*MJT;"4&5!)
9
4.Q5($o4&$&)( #($,<2@ﬁ*)¦+/+*2!*01*2]()x 5R<0*2]S4,*)
$&2%ﬁ'(($,(5!*)V4&$+*)T 5D2!<0[!'nxﬁ<0[$&2! $&)<2%)U"=<)()($,4,*)y"=<5'l4& '(*ﬁ<2%)'5!ﬁ($,<2D*)l*5WAC^5! #' )
"pMUrH2©%2
9
$&4&)7'("%'^+*)*2]*235%2>? $,4,"!'("='(($,<2q z 

*)I+/+*2*01*23()D)( 
9
<2!¦4& "='(
@ $,3+[*)U>Z $,%4&M
 
])^P]B^ 
cImnfRdg
a
ﬁ 5glkmnf cg d
b
cepc 5glkmnf Rced mhdmhfRd
	
ks<2]' $&'(*01*23- UJLK
9
4o U)( #($&)($oC35Y*)(8*2!ﬁ'()(5;) 2]"=<5'"=<5/<$&'8 #"!"%4&$oC35'p!*)pﬁ'$,-'(*)
)^+*4,*ﬁ($&<2ﬀ)(5"!"%4+*0*2]( $,'*)Hy 5R<0*2]'U4,T' #"!"='(s)($,R<2% 4)(5!'%'5!$,M^
*ﬁ($,>p*)y0 $o2]*2! 23y
!$o0$&2^5'H4,*)y$o2!ﬁ'(($,(5!!*)H)\)^+*0 #($&C^5*)V4&$B+*)[- 14& xﬁ<2!2! $&))( 2!ﬁ£*)s>?<2!!)M%k*)y2<5!/* 5W7ﬁ'$&ﬁ-'*)
=
~¾
T)3+*4,*ﬁ($,<27"='(*23)(5!'H4& ['(*ﬁ<2!)'5%ﬁ($,<274& n)3+*4,*ﬁ($,<2SQ5!2@=<)<2 - 4,"!<2!$&C^5UyQ5%2=<)<2
- ﬃ! !'(<2!$&C^5
9
U>Z :Xﬁ<2¦- L'(«'H*2@"% #'(($&P4,*)"%'(^ﬁ*))(5!)0N5!4,($ F()
9
@ *1() 5 *x()H 
 *B 1(' 
D+ﬃ *2ﬀ/<$&LM
	
ﬃ! ﬃ" #ﬃ%$
É
¯
°^±?°
®³
µ
À
¶ &°
Á ¯
°
n¯
°¶8° B °^¶
³`Á1®]À
¶
³
°¶
­
¶
³
´j¶
¿ÀÁ*À
¶
-
±°
Çj³`À
¶µDp´8°

8;%5![@ﬁﬂ)^+*4&*ﬁ($,<2m*)(N@'(*ﬁ<2!)'B5!$,'(;4&*)n #' ﬁ^+'$o)($&C^5*)x$&2H+*0 #($&C^5*)N!5m2*5!'$&2
! 2%)p4.}+/+*2*0*2]M6§"% #'(($&'84.Q$o2>'B0 #($,<2£)(5'j4.}+*2'(R<$,H' 2!)/')(0 2!C^5! 23j!4& Uﬁ<23' $&23
)(5!'4& T0 )()( `4&"!<2,*l2*5!'$&2s$&4]*)(Y":<))($,%4,Hﬁ<2%2! `¤ ¥,'(s<5*)Y4,*)wﬁ<01"=<)( 23*)s4.Q$&0"%5!4&)($&<2
!5ﬀ2!*5'$&2M
6V©%2ﬀ£'*ﬁ<2!)'5!$&'(£4,LC35% '$aEq/*ﬁ*5'V!5ﬀ2*5'$o2
9
4.}+*2'(R<$,£' 2%)/')[0; 2!C35% 2]£*)V$&*2E
($,©s+¦- 4qQ$&01"%5!4o)($,<2' 2!)/')(7!5 2*5'$o2
"
"

5 
r

n"

5 
r

M
Q$&0"%5!4&)($&<2D4&<2R<$,(5!!$o2! 4,1!5
2*5!'$&2@" 

*)l*2D'(/# 2!ﬃ1$&2%ﬁ<2!235!M:rH2"=<)( 23l0


5
0
	

£0

5
0 
5
{
Ã
 zv
9
" 

*)
)<4o5($,<2SQ5!2D+*C^5! #($,<2!5ﬀ)*ﬁ<2!R'^+n<23U4,*)U)(<4&5($,<2!)y)(<2]P!<2!2H+*)U"% #'
"



5


ﬁﬀ 

S

4


4



*

4


4




4
 `/*[6
5ﬃﬂ 
!

*"



r

*"



r

M
Jl 2!)j4,*)p )j-5[4,*)j*5W£)<4&5($&<2!)=<2]j'^+*4&4,*)
9
$&4#>Z 58+©%2!$&'85!2£*2!)(*0[%4&ﬁ'$&ﬁ-'*)p"='01( 23
;'(<5/'14& ﬀ=<2!2@ )()$& #($,<2M
8 A0+(ﬃ!^S5($&4o$&)3+;! 2!)nﬁﬀ 2! 4,\)@ﬁ<2!)$&)- A"!'(*2!!'(4& 
)<4o5($,<2[!H"%4o5!)p"=($,/v 4&*5' #)<4&5M#
psﬃ<$,WnsﬁU0 +(ﬃ^!H*)Y01($&/+s"% #'Y)*)"='(>'B0 2!ﬁ*)
[) A)*2!)$,%$&4&$&3+1 5W¦$&2!ﬁ'($,(5!*)L)(\^)^+*0 #($oC35*)*MjJl 2!)
Ë
  *)n )
9
4& ﬂ/v 4,*5!'["


ﬁ<2!)($oH+'^+
*)U4o x"%4&5!)s"!'^Bﬃ£Rj+<0 +'$&C^5*01*23Tn4.Q$&01"%5%4&)($,<2@4,<2R<$,(5!%$&2! 4,V/+'$,( #4,[!5ﬀ2*5!'$&2M
Jl 2!)@4,A );-5 4,*)@)<4&5($,<2%)1)<2]7$&0 #R<$&2% $,'(*)
9
<2 ﬁ<2%)($&-'(AC^5A4q}+*2!'(R<$,A'B 2!)/')0 2E
C^5! 23P01*)(5'+T2*)" )4.Q$&01"5!4&)($,<2n' 2!)(/')U'+*4&4&P!512*5'B$&2M<r23/$,'(<2#{  *)x+/+*2!*01*2]()

(
2<2]H"% )!V)<4&5!($,<21'+*4&4,V"=<5'"


M3
8*)ﬁ_=()!P4& L'*ﬁ<2!)'5!ﬁ($&<2
9
/$&)($,%4&*)Y)(5'H4o £©!R<5'(l|3Mz^M~
9
*23' `¤ ¥&2*235!2s'+*)<4o5($,<21)(5'4o T0; )()y' 2!)(/')U!5 -
9
"=<5'




#"%$'&
(
9
'-*))(5"s+'$&*5'([- £4& 
4& #'R*5'U$&23'$&2!)-*C^5£!5 - ZL4.''l!£z
Ã




M ﬂV2S>Z ﬁ*5'T£ 4&$,!' #($&<2
*)

*)U #"!"%4&$oC35+
- ﬀ4.«+*2'R<$,' 2!)(/');0 2%C35! 2301*)(5!'^+M8OF4w*)[ 4&5!4+@1>? :Xﬁ<2I- ﬀ!*2!$,'L5%2)<4&5($&<2'^+*4&4,
"=<5's"

"
')

5
=
z

(


4


4#ﬀ

+


+
S

,


,

j 7©!R<5'(;|3Mz^M |S01<23'(4& S)^+"% #'B #($,<2¨ 2R<5!4o $,'( 1t*23'(4,x=<)<2 - '*ﬁ<2!)'5!$&T£R+*2+'+M
z
Ë
 *)7=<)<2!)@'(*ﬁ<2!)'B5!$,()7)<2]ﬀ)($&(5H+*)7% 2!)S5!2 ]¤<2!  t

{z  5!<5'ﬀ!5- Rj+*2H+'^+MVw #'
ﬁ<23'(
=
~  !*)£=<)<2!)9- )<2]['(*ﬁ<2!)'5%$,()£4,<$&24,*5!'£/3' $&x%$,'(*ﬁ($,<2
9
 5EG!*4}- ﬀ 1t

=
Q{M

8*)P"!'%4Z-*01*)T4&$B+*)x- 74& ;'(*ﬁ<2!)'5%ﬁ($,<2DT 5Dﬃ<$,Wn4qQ$&01"%5!4o)($,<2S4,<2R<$,(5%!$&2! 4,L%5A2*5'B$&2<23
<2%2H+ﬂ4&$,*5§ 5 +/*4,"!"=*01*23;ﬀ"4&5!)($,*5!')[0+(ﬃ*)MH
Q 2!2ﬁWﬀ+*ﬁ'$,1@ﬁ<01"% #'(ﬂC^5*4&C^5*)
0+(ﬃ*)P":'B01( 2]VLﬃ<$o)($,'y*23'([4,*)U%$a_P+'(*23*)P)(<4&5($,<2!)*M

j ;0+(ﬃN"!'^+*)*233+1$aEG!*)()(5!)P*)V )3+N)(5!'V*)Tﬃ]\^"=(ﬃ=-*)*)T>'*)
9
C^5!$8$o01"%4&$&C^5*23y*)V$o2!ﬁ'(($aE
(5!!*)[)(5'n4& ﬂﬁ<2!2! $o)()( 2!ﬁ7;4.Q$&0"%5!4&)($&<2D%5¨2*5'$o2Mp
8 A'(*ﬁ<2!)'5%ﬁ($,<2m!5 C35% '$aEq/*ﬁ*5'N!5
2*5!'$&2[2+R<4o$,R£4,*)ﬁ_=()y!57H+*ﬁ*5'
9
l4& n'(*ﬁ<2!)'B5!ﬁ($,<2@s!*)H0 5!/v $&)(*)$o*2]($&©% #($,<2!)H*)
()MrH4&4,S2H+R<4&$,R+R< 4,*01*23@4o "%'^+*)*2!ﬁAﬂ2!*5'$&2<)x)(5!"!"%4+*01*23( $,'(*)x"!'`/*2! 23;n()
)( `/*5')T4,<5'!*)U<5Dn4,"%<2!) =Mpk*)V'(<$&)Uﬁ_=()T"=*5/*2]n¤'(m+/v 4&5+*)l)(5!'V4& @!$&)'$&%5($,<2S*2D$&0xE
"%5%4&)($,<2[' 2!)/')(s%5n=<)<2 - '(*ﬁ<2!)'5%$,
9
ﬁ<001y4,y01<23'(y4& T©!R<5'(U|3Mz^M~^M]
ﬁ_=*)Y2*5!'$&2<)
=
~
Ë
)
vrai
, W
reco
 R(W∆
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Pr
ob
. d
en
si
ty
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
) :
vrai, Wreco R(W∆
 e+jets→t t
' ﬁ(R*=|3Mz^M |
,  PCE8A >D6

1 176FA = 1
:
1
9 )
8
)
6
:
1  FA
)
6FC /F1
=1

)
6F8A =/0CEAh17A?  176  17= 1 	
)(5!"!"%4+*01*23( $,'(*)l*)n/^$o)($,%4,ﬂ- ﬀ% ));0 )()(' 2!)/'B)'(*ﬁ<2!)('5!$,Mp
<5/'((5'(@ #¢*$&0n5!( 4,*23'(
4.Q$o01"%5!4&)$,<2@%5ﬂ4,"!<2AV4.Q$&0"%5!4&)($&<2;( 4,N*)P2!*5'$&2<)P/^$&*2]U"4&5!)s>Z $,%4,
9
ﬁNC35!$8 "=<5'Uﬁ_=
y!$o0$&2^5'j4& £0; )()s' 2!)/'B)U!5 - '*ﬁ<2!)'5!$&M#
8*)Yﬁ_=()!51+*ﬁ*5'Hy4& T'(*ﬁ<2!)'5%ﬁ($,<2
)<23/^$&)$,%4,*)V- Nﬃ! 5l0 )()(P' 2!)(/')
"
4& N4& #'(R*5!'T4& [%$&)'$,5($,<2x"=<5's0




0

*)4o$B+1- N4& 
4& #'R*5'V$&23'$&2%)ﬁ-*C35L%5 - 

 z
Ã


- ;4& '^+*)<4&5($,<2)(5'T4.}+*2'(R<$,n' 2!)/')(n0 2!C^5! 23
9
C^5!$=*)P4qﬁ_:P!<0$&2! 23M
)2 (GeV/cνlTM
0 20 40 60 80 100 120 140
10×
Pr
ob
. d
en
si
ty
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
) :ν(lTM
 e+jets→t t
+jetsτ →t t
 W+jets
 single top voie t
' ﬁ(R*8|3Mz^M~
,
.
> 88 1+A =ﬁ>D6F8<D17=8ﬂ1&2D/
9 )
8
)
6 = 1

)
6F8A =7/0CEA

>   >D=7A C = 21 8 178 2  178CE6A  1 ?D= >DA C
)
6F8
:
1  A
)
6FC  /178 	
	
ﬃ! ﬃ" #ﬃ" 
É
¯
°^±?°
®³
µ
À
¶ &°
Á ¯
°
n¯
°¶8° B °^¶
³`Á1®]À
¶
³
°¶
­
¶
³
´j¶
¿ÀÁ*À
¶
- Å8­
&²
À
¶µ Dp´j°

8m=<)<2 - ﬃ! '<2!$&C^5¨*)D'(*ﬁ<2!)'B5!$,ﬂ*2 ﬃ!<$&)($&)() 2]D4& 01*$o4&4,*5'(¨ﬁ<0n%$&2% $&)<2!ﬂ()
"!'+*)^+*4&*ﬁ($,<2!2+*)¨?"



#{
Ã
 zv
9
 
	
 
z¾

7ﬁW"%4&$&$,*0*2]72<2g+($oC35^+*)SpMs
8 ﬁ<0n%$aE
2! $o)<2§nF()!<2!2! 23x5%2ﬀ0 )()ﬂ4& D"%4o5!)["%'(^Bﬃﬂﬀﬁ*4&4,ﬀ!5 - *)1R< #'+M
}+/+*2*0*2]@*)
)^+*4,*ﬁ($&<2!2H+n)($4o 10 )()[%5R- '*ﬁ<2!)'5!$&£*)P! 2!)y4qQ$&2]'/v 4&4&l0


#{
Ã
 zv

M

8*)!$,'*ﬁ($,<2!)*2]'P4,.- ﬃ! '(<2!$oC35'(*ﬁ<2!)('5!$,YYR+*2+'+l<2]x+^+lﬁ<01"% #'+*)H4,*5'Y!$o)( 2!ﬁ
*2 ﬃ *)(U$&4&4&5!)('^+l)5'U4& x©!R<5'L|3Mz^M
r
M:r23/^$&'(<2ﬂ#{ Ê*)y=<)<2%)s'(*ﬁ<2!)'5%$,()y)<23P)($,(5+*)U% 2!)y5!2
]¤<2 1t

{zn 5<5'!5	- R+*2+'+M!w #'Hﬁ<23'(£z

¬*):<)(<2!)- )<23'(*ﬁ<2%)'5!$,()H4,<$&21V4,*5'
/^' $,L!$&'(*ﬁ($,<2
9
 5EG*4«- 11t

=
Q{M

j S©!R<5'(@|3Mz^M
=
{01<2]';4& ﬀ!$&)('$,%5($&<2ﬂ*2¨0 ));$&23/v #'B$& 2]%$aEaF()l"=<5'£"4&5!)($,*5!')V0N5!4,($&"%4&$&$,^+*)
=
~<|
)
vrai
, W
reco
 R(W∆
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
0.2
) :
vrai, Wreco R(W∆
 e+jets→t t
' ﬁ(R*|3Mz^M
r ,  @CE8A >D6

1   176A =1
:
1
9 )
8
)
6 

>2D=
)
6FC /F1
=1

)
6F8A =/0CEAh17A?  176  17= 1 	
*2N()M%
ﬁ_:T!5ﬂ2<0n!'(L![ﬁ<0[$&2! $&)<2%)s":<))($,%4,*)s)(5!'U4& 4& #'(R*5!'P!5R- '(*ﬁ<2!)'B5!$,y*)P4o $,'(ﬁE
01*23£/$&)($,%4&M=
j S'(*ﬁ<2!)'B5!ﬁ($,<2¨@ 2!!$&! #()9- @0 )())(5!"+'$,*5'(- D
=
{{
Ã

Ł


! 2%)L4,*)
+/+*2!*01*2]() ( Y)($,R<2!$,©%C35! 5101<$o2!)j5%2n*)w*5WyF()"!'`/*2! 23!5 - 2s)( #($&)>Z $,"% )w 5Wnﬁ'$&ﬁ-'*)
N"!'+*)^+*4,*ﬁ($&<2¦*)F()MrH2ﬁ_=
9
5!2DC35! #' A$&)()(5D!5 - "=*5V' *\<2!2!'L5!2AR<4o5<2ª+*2!'(Rj+($&C35!Mp
p
C^5! #' ¦x4,7R<4&5<2)<2]x 4,')N'(*ﬁ<2%)'5!$,()n)<5!)x4& A>'07S*5WS()x01<$&2!)¦+*2'(R+($&C^5*)1x2
)( #($o)><23T"% )l 5WAﬁ'$,-'(*)£N"!'+*)^+*4,*ﬁ($&<2¦*)F()MJTN"%4&5!)
9
4& ;+*)$&2]^+R' #($&<2¨!5 -
9
)<5!)T4.ﬁ_=
L)(<2ﬀ"!'("!'T=^<)
9
"=*5s"!'(!5!$&'(T5%2ﬀC35! #' @"=*5I+*2'(R+($&C^5M
)2 (GeV/cjjM
0 20 40 60 80 100 120 140 160 180 200
Pr
ob
. d
en
si
ty
0
0.005
0.01
0.015
0.02
0.025
0.03
0.035
0.04
0.045
0.05
M(jj) :
 2 jets≤ 
 = 3 jets
 4 jets≥ 
)2 (GeV/cjjM
0 50 100 150 200 250 300
10×
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
M(jj) :
 e+jets→t t
 single top voie W+t
 W+jets
' )(+*8|3Mz^M
=
{
,  ?>D/

1ﬃ
*
>D88 1RCE6< >D=7C >D6FAB1  
)
/ =+217/$

17A 8  = 178  1
:
1

A C
)
66  178176#*
)
6

A C
)
6 2 /#6
)+*9
=1 21

17A 8
2> 6F8
:
178  17<  176l1
*
176FA'2ﬀ42 	  2D=
)
C AB1ﬃ
*
> 88 1nC 6F< >D=C >D6AB1S2D/

>D62 C 2>DA  =1

)
68A =/0CEAj2>D6F8
:
178  17<  176l1
*
176A 8     2
17A
-
8CE60?
:
1@A
)
  0176 <
)
C 1 A
 
])^P] 

i
a
ki +pced gm mnpm onk ﬂﬁRced onpm Riqpcd
6 ﬁS2%$,/* 5§74o )^+*4,*ﬁ($&<2
9
4,@'B #"!"='(n)($&R<2! 4H)5'n%'5!$,L*)(

z 
Ë
":<5!'n4,*) +/+*2!*01*2]()
 `/*LﬁW ﬁ*01*2]T5!2n7+($&C35!3+U%U

z¬ z#{1"=<5'y4,*)7+/+*2!*01*2]()T<54,*01*23@+($oC35^+*) %M!
8 
)*2%)($,%$&4o$,3+n)( #($&)(($&C35!
8

* z

*)[*2!ﬁ'(>Z $,%4,
9
4.'B'(;z^M

 "=<5'
=
{{A"!
>

Mp6V$o2!)($
9
$&4
*)[":<))($,%4,xQ #"!"4&$&C^5'£*)Lﬁ'$,-'(*)N)^+*4,*ﬁ($&<2¨"=<5'[ 0+*4&$&'('[4& ﬂ)^+" #' #($,<2m%5¨)($,R<2! 4wn*)
>?<2!!)Mj
8 D)3+*4,*ﬁ($,<2§);"=<5'B)(5!$,L<2%"% #'x5!27 2! 4,\)@!$o)(ﬁ'$&0$o2! 2]0N5!4,($&/v #'$+
9
% )^+ﬀ)(5'N*)
/# #'$& #%4&*)s":<4&R<$&C35!*)sR<4,% 4,*)M
=
~~

Q5($&4&$o)( #($,<2;!T/# #'$& #4,*)"=<4,R<$oC35*)R<4, 4,*)":'B01yQ )()(5''s5%2@ﬁ<23'v¤<4,L)(5!"!"%4+*01*23( $,'(
*)[!'5!$&()L;>?<2!Mjr4&4,)(<2]xﬃ<$o)($,*)[)(*4,<2m4,*5!'["=<5/<$,'[%$&)(ﬁ'$&0;$&2! 23
9
n4,*5'n>? $&%4,)*2!)$,%$&4&$&3+
 5W7'('(*5'B))(\^)^+*0 #($oC35*)V4&$+*)[- 14& N'(*ﬁ<2!)('5!ﬁ($,<2¨`+( 4,<2!2% #Rn*)()

n- 14.Q$o*2]($&©% #($,<27*)
()[`+($&C^5( #Rx*)w()3%

M
	
ﬃ! ﬃ ﬃ%$  
°
Á*®
²#µ
Ç8³
µ
À
¶ &°
Á ­
²vµ
­!¿
±?°
Á³`À%ÇÀ
±
À C
µDp´j°
Á C
±
À¿j­
±?°
Á
rH21Rj+*2H+' 4
9
4,*)Y/# #'$& #%4&*)w":<4&R<$&C35!*)R<4,% 4&*)
9
)<23H$&2!+"=*2!% 2]*)!U4& L2! #(5'U*)()M<OF4
*)"% #'(>?<$&) `/v 23( #R*5W@«+* #'('U4&*)()ﬁ<00N5!2!)l- L<5!)H4,*)"%'(^ﬁ*))(5!)ﬁ<2%)($&+'+*)lZ$&$%4,V4,"!<2
P4&L2*5'$&2!n'(*ﬁ<2%)'5!$,()

4,')(C^5Q$&4&)<23P4,*)U0ﬀ¤*0*)U"!'("%'$B+3+*)V$&2+*0; #($&C35!*)M
Jl 2!)£<5!;ﬁ"% #'(($&4,*)l/v #'B$& #%4,*)l"=<4,R<$&C^5*)l<23D+3+@ﬁ<2!)'B5!$,*)L5!2%$&C35!*01*2]l */*@4,*)()
"!'+*)^+*4&*ﬁ($,<2!2+*)
9
 5WC^5*4&)<2 F<5!P"% #'(>?<$&)Y4,*)4,"!<2!)YH4,U2*5'$o2l'(*ﬁ<2!)'5%$,M<Jl 2!)ﬁP!'2!$,'
 )
9
4,*)y/# #'$& #%4,*)sR<4&% 4,*)U)<23PC^5! 4&$,©s+*)y!F( 4,*)	M
kyﬃ! C35![/# #'$& #%4,n*)£H+*ﬁ'$,1)(5!$o2]*01*23l£$&4&4&5!)('^+["=<5'l4,N)$,R<2! 4jl4&*)V"%'$&2!$," 5W7%'5!$,()
£>?<2!S"=<5'U*)S+/+*2*01*23()- x'(<$&)()M
$
­%Á*Á
°µ?¶
­
²#µ
­
¶
³
°
³`À!³­
±?°
?©!R<5'N|3Mz^M
= =

k/# #'$& #%4,w*)j 4&5!4+"=<5'<5!)84,*)()8)^+*4,*ﬁ($&<2!2H+*)M £2l'(*0 #'C^5C^54,*)T+/+*2!*01*2]()
5 *7F()s<23y5!2l0 )()l$&23/v #'B$& 2]T( 4,L4+R-'(*01*23U"%4o5!)R'B 2!lC35lﬁ*4&4,l*)@+/+*2!*01*2]()

(
M
)2Masse totale (GeV/c
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
Masse totale :
 e+jets→t t
 single top voie t
 W+jets
' ﬁ(R*D|3Mz^M
= =N,
.
>D88 1 CE6< >D=7C >D6FAB1tA
)
A >
:
1  
)
/0=
2178  17<  176l1
*
176FA 8 >  >D6FA /06l1
*
/
:
A C  
:
C

CEA  1 176

17A 8
8  1
:
1

A C
)
6F6  178  1 ?>
:
1

> A =
)
C 8
$
É
À
B B °
Á*®<­
±
­
µ²v° &j°
Á ¯
°¶8°^²
C
µ?°
Á;³
²
­
¶
Á
°3²
Á
°
Á
&°
Á 
°
³Á;?©!R<5'(n|3Mz^M
=
z

j<5!'84& Uﬁ<2!)('5!ﬁ($,<2L!ﬁH/# #'$& #4,
9
$&4 S+^+sﬃ<$&)$<2Y" )8$&2!4o5'(Y4,4,"!<2Lj4,2*5!'$&2
'(*ﬁ<2!)'5%$,M
8 7' $&)<2*)(L4& S)(5!$,/# 2]Mp
81)($,R<2! 4wL4,*)l%'5!$,()T1>?<2!D"!'$&2!$&"% 5WA)<23L vE
' ﬁ3+'$&)^+*)"% #'4& l"%'^+*)*2!ﬁVpQ5!2x/3'B $=<)<2	- 4,"!<2%$&C35!M#
8*) #' ﬁ^+'$o)($&C^5*)H$o2H+*0 #($&C^5*)
*)4,"%<2!)H% 2!)ﬁ*)@+/+*2!*01*2]()y)(<2]/<$&)($&2!*)s #"!"='(*2]<2!P":*5@Q$&2>?'0 #($&<2!))(5'4& 
)<001L)( 4o $,'(LL4.«+*2'R<$,L' 2!)(/')[*)wF()M
6V$&2%)($
9
4& V)<001)( 4& $,'(H*)L+*2!'(R<$,*)j' 2!)/')(*)j*)!()8*)"% #'(($o5!4&$.-'(*01*238!$o)(ﬁ'$&0$o2! 2]
"%5!$&)(C^5l4,*)j()U! 2!)U4&*);+/+*2*01*23();5 *ﬂ()y
  *)21(' {DRﬃ
*2ﬀ/<$, s)<2]U!£"%4&5!)"=($,
$&01"%5!4o)($,<2'B 2!)/')M
$
É
ÇwÅN¯
°^²#µ
®
µ
³¯
°
³`À%³`­
±?°
?©%R<5'(N|3Mz^M
=


=
~
r
 (GeV/c)TH
0 100 200 300 400 500 600 700 800 900 1000
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
 :TH
 e+jets→t t
 single top voie t
 W+jets
' ﬁ(R*¦|3Mz^M
=
z
, 
)+*&*
1 8

>
:
> CE=1 2178  176l17= ?DC 178
A = >D68<D17=78 17832178

17A 8 ﬃ  
)
/0=&2178  17<  1761
*
176A 8

> A =
)
C 8

17A 8P8  1
:
1

A C
)
66  178 	

8 1)"%ﬃ+'B$&$,3+L*)P 4o5!4B+7- 1"% #'($,'U!5S*2!)*5!'S+*2'(R<$,ﬁEG$o01"%5!4&)$,<2@2!'0 4&$&)^+ 
"
 
5

	

"
 
	

"




kH*2%)*5'w V'<$&)8/# 4,*5'B)8"!'"!'(*)

9


9

$
4& )()^+*)Y% 2!)w4.''(H+*ﬁ'(<$&)() 2]M
8 T)"%ﬃ+'B$&$,3+
9
H+©%2!$,7ﬁ<001

5
$



*
$

9
C35! 23($,©!74.Q$&)'"%$,;S4.«+/+*2!*01*2]M £2m%)('(/7C^5S4,*)
+/+*2*01*23();5 *ﬂ()P)(<2]P0<$&2!)y)"%ﬃ+'B$&C35!*)yC35n4,*)@+/+*2*0*2]()T
(
*M
Sphericite totale
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Pr
ob
. d
en
si
ty
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
Sphericite totale :
 e+jets→t t
 single top voie t
 W+jets
' ﬁ(R*Y|3Mz^M
=

,   

 17=7C

C A  1 A
)
A >
:
13254  17<  176l1
*
176A 8

>
A =
)
C 8

17A 8P8  1
:
1

A C
)
66  178 	
$
»
Ç
±
­
¶
­
²vµ
³¯
°
³`À!³­
±?°
?©!R<5!'(n|3Mz^M
=ﬁ


Q #"%4& 2% #'$,3+@*)(N+©%2!@"% #'

5
$


$
p-5
$
*)x4& ﬂ"%4o5!)L"=($,7/v 4&*5'N%5¨*2!)*5!'m+*2'R<$,ﬁE
$&01"%5!4o)($,<2D2'0 4&$o)3+M8r4&4&C35! 23($,©!4q}+* #'ﬀ- 4& S>'B01;"%4o 2! $,'(1;4q}+/+*2*01*23Mk;/# vE
'$& #%4,s*)H"% #'(($,*4o4,*01*23ﬁ'('^+*4B+;- [4& l"!'+*+**23M!
p*)1+/+*2*0*2]())( H0<2]'(*23H5%2+* #'("%4&5!)
R' 2!m- 4& x>?'01£"4& 2! $,'(
9
"%5%$&)(C^5Q$&4&)H<2]P*2!! 2!ﬁ7- ﬀ¤'["%4&5%))("%ﬃH+'$&C^5*)M
$
¼n°^¶
³
²
­
±Zµ
³¯
°
³À!³`­
±?°
?©!R<5'(n|3Mz^M
=
¾


8 Pﬁ*23' 4&$&3+*)w 4&5!4+sﬁ<0014,' #"%":'8H4q}+*2!'(R<$,'B 2!)/')H( 4,y)(5'84q}+*2!'(R<$,( 4,
*)F()P)3+*4,*ﬁ($,<2!2+*)M=ky$&2!!$& #*5!'*2%S/')
=
"=<5'!*)@+/+*2*01*23()PC^5!$=+"=<)*23U4,*5'
+*2!'(R<$,£! 2!)y4& n"% #'(($&lﬁ*23' 4,£!5S+*ﬁ*5'`M:kT*)U4,l )y"=<5's4,*);+/+*2*0*2]()P
(
Uﬁ<001£4,
01<2]'L4& x©!R<5'(n|3Mz^M
=
¾^M
$
»7¶
C
±?°D°^¶
³
²°D±
­
&µ?²v°
®³
µ
À
¶ &j°
ÇÀ
´
Á*Áj¯
°^°
³`À!³`­
±°°
³
±?°
­
µ
Á*®
°
­
´
?©!R<5!'(n|3Mz^M
=*Ë

=0r
{
ln(Aplanarite totale)
-7 -6 -5 -4 -3 -2 -1 0
Pr
ob
. d
en
si
ty
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
ln(Aplanarite totale) :
 e+jets→t t
 single top voie t
 W+jets
' ﬁ(R*p|3Mz^M
=ﬁ ,  
:
>D6>D=7C A  1RA
)
A >
:
1 2 4  17<  176l1
*
176FA 8

>
A =
)
C 8

17A 8P8  1
:
1

A C
)
66  178 	
Centralite totale
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Pr
ob
. d
en
si
ty
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
Centralite totale :
 e+jets→t t
 single top voie t
 W+jets
' ﬁ(R*|3Mz^M
=
¾
,
'
176A = >
:
C A  1 A
)
A >
:
1  
)
/0=
:
1@8C ?D6>
:
17A
:
178
9
/ C A 8P21*
)
62D8  =CE6

C   > / $ ﬃ	= 1  = 178ﬂ176A  11  
)
/0=
:
178
 17<  176l1
*
176FA 8

> A =
)
CE8

17A 8@8  1
:
1

A C
)
6F6  178 	

Q vWTV"=<5!)()^+
9
<5
 .nﬀ
D  ﬃ

 
*)sH+©%2!$,Vﬁ<001l4& [!$&'(*ﬁ($,<2;C^5!$0 vW$o0$&)P4o LC35% 2]($,^+
"
0 vW

4
 

 	

"



"

 

 	

"





Q vWUs":<5%)()3+U$&2!!$oC354& l!$,'(*ﬁ($&<2x"!'$,/$&4+R<$+yy4.}+/+*2*0*2]M^O«4^*)ﬁ<0"% #'^+N- £5!21 vWU
'^+>*+'(*2!ﬁ
9
$&$j4qQ vW^1!5>? $o)(ﬁ* 5M8k1/# #'$& #%4,n*)l"% #'(($&5%4&$Z-'(*01*23T%$&)(ﬁ'$&0;$&2! 23L"%5!$&)C35
4.Q vW^@"=<5!)()^+7 ﬀ*2!! 2!ﬁ¦- ¨¤'(@"!'(ﬃ;%5¨>Z $&)(ﬁ* 5¨"=<5'L4&*)¦+/+*2!*01*2]() 5 *¨F()
9

01<$&2!)s"=<5'U4,*)s" $,'(*)U£"8M
)Z, T(Θ
0 0.5 1 1.5 2 2.5 3
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
) :Z, TAngle3D(
 e+jets→t t
 single top voie t
 W+jets
' ﬁ(R* |3Mz^M
=*Ë , n60?
:
1 176A =1
:
> 2DCE= 1

A C
)
6 21
 
)
/088  11 A
)
A >
:
1

17A
:
1 *ﬂ>DCE8

1 >D/ %B>($1
	
&(ﬃ  
)
/0=&2178
 17<  176l1
*
176FA 8

> A =
)
CE8

17A 8@8  1
:
1

A C
)
6F6  178 	
$
È
À
´
Á*Áj¯
°3°
³`À%³`­
±?°¶
À
² B
­
±?µ
Áj¯
°^°
?©!R<5'(n|3Mz^M
=
|

=0r>=

8 x"=<5!)()^+[2!'0 4&$&)^+LpQ5!2 +/+*2*0*2]T*)P4& 1C^5! 23($,3+
"

 

	

"




"

 


  
	

"


-5

 
*)[4qQ vW^;!1":<5%)()3+"!'+*+**00*2]xH+©%2!$.Mjks;/# #'$& #%4,x*)["!'(ﬃ
=
":<5!'L*)
+/+*2*01*23())^+"% #'+*)Y*2x*5W[ﬃH+*0$&)"%ﬃ-'*)Mks2*)(" )j4,s )"=<5'4&*)£+/+*2!*01*2]() ( ﬁ<0;01
4,@01<23'(ﬀ4& ©!R<5'(ﬀ|3Mz^M
=
|D"%5!$o)(C35!;4,*)n"!'(!5!$,()n7+*)$&2]^+R' #($&<2 *)xC35% #' ^)n" !$&4o5*2]
ﬁ<01"%4.-*01*23VﬁN$&2>?'0 #($,<2M
Pousse totale normalisee
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
Pousse totale normalisee :
 e+jets→t t
 single top voie t
 W+jets
' ﬁ(R*|3Mz^M
=
|
, 
)
/ 88  11;A
)
A >
:
1;6
)
=
*
>
:
CE8  11ﬃ  
)
/0=
:
1;8C ?D6>
:
17A
:
178 *
)
62D8  =CE6

C   > / $ >  >D6FARA =
)
CE8

17A 8
8  1
:
1

A C
)
6F6  178 	
$
È
À
´
Á*Áj¯
°3° Bµ?¶µ B
­
±°
³`À!³`­
±°D¶
À
² B
­
±Zµ
Áj¯
°^°
?©!R<5!'(n|3Mz^M
=
~


8 s"=<5!)()^+0;$&2!$&0 4&Q5%2A+/+*2*01*23j*)(85!2Y 5'(H$&2!!$& #($&<2T!4& s"%4& 2! #'B$,3+Q5!2D+/+*2!*01*2]M
r4&4,V*)y 4&5!4+;- N"% #'(($,'ylﬁ<0n%$&2! $&)(<2!)H4o$&2H+* $,'(*)s*)s!$a_P+'(*23()sF()y!T4.«+/+*2*01*23
9

2<2S"% )n- 1" #'(($,'U[C^5! 23($,3+*)PC^5! ' #($oC35*)yﬁ<0;01[4.*)V4,£*2!)*5'S+*2!'(R<$,ﬁEG$&01"5!4&)($,<2pM
ﬂV2;"%4& 21*)H>'B0 +1- £" #'(($,'H!P4.Q vWVU"=<5!))3+V+©%2!$$aEG*)()5!)
9
Q5!2 5'V vWVC^5!$!0 vW$aE
0$&)s4& V":<5%)()3+y! 2!)w4,"%4& 2N"='("=*2!!$&5!4o $,'(Y 5x"!'(*0$&' vWM#O«4 #' ﬁ^+'$&)(P4,"%4& 2N"!'$,/$&4+R<$+
V4.«+/+*2*01*23M%
Q vW£P"=<5!)()^+£0$o2!$&0 4,

 

*)y4,V'(<$&)($.-*0T vW£!5;'"-'(
9
H*)s"='E
":*2%!$&5!4& $&'( 51"%4o 2n"%'^+*%+*!*001*23+©%2%$.Mr2©%2x4& l"=<5!))3+U0$&2!$&0; 4,H( 4&P2'0 4o$&)3+s*)
H+©%2!$ﬁ<001n4& x"!'(v*ﬁ($,<2ﬂ*)P$&01"%5!4o)($,<2!)*)y()P)5'U4.Q vW[£"=<5!)()^+[0;$&2!$&0 4&
"

	

"




"

 



 	

"



p*)S+/+*2*01*23()V)( V)<2]V01<$&2!)y"4& 2! $,'(*)
9
ﬁnC35!$)(L' !5!$&y"% #'P5!2£/# 4,*5'y"4&5!)7+*4,/+["=<5'
ﬁT/# #'$& #4,M]r4o4,P [5%2'(*4& #($&/*01*2]=<2"=<5/<$,'!$&)(ﬁ'B$&0$&2! 23w*2]'T4,T)($,R<2! 4!4,*)H>?<2!!)
9
0 4,R'+£4,*)yﬁ'('+*4& #($&<2!)y$&01"='(( 23*)*2]'(Lﬁ£/# #'$& #4,Vy4.Q #"4& 2! #'$,^+
9
ﬁ<001L4qQ$&4&4&5!)('(U4& 
©!R<5'([|3Mz^M
=
~^M

8*)/# #'$& #%4&*)Y"!'+*)*233+*)y$aEG*)()(5%)Y<2]s5!21"=<5/<$&'!$&)(ﬁ'B$&0$&2! 23w$&2!!$,/$&!5!*4]'(*4o #($,/*01*23>Z $,%4,M
rH2S'(/v 2%ﬃ
9
ﬁ<0[%$o2H+*)P! 2!)P5!2£>?<2!ﬁ($,<2ﬂ£/^' $&)(*0[%4o 2!ﬁ
9
*4&4,*)y"='0*2]P!L)3+"% #'('T; vE
ﬁ*01*23P4,L)$,R<2! 4*)y>?<2!!)*M
	
ﬃ! ﬃ ﬃ" 
¼
À
B
¿
µZ¶
­
µ
Á*À
¶ &°
Á ­
²#µ
­!¿
±°
Á1³`ÀÇÀ
±
À C
µDp´8°
Á C
±
À%¿­
±?°
Á

8*)x/v #'B$& #%4,*)n"=<4,R<$&C^5*)x"!'+*)*233+*)@$aEG!*)()(5!)x)<231ﬁ<0[%$o2H+*)! 2!)15!2!@>?<2!ﬁ($,<27/^' $aE
)*0n%4& 2%ﬁMjOF4s)Q #R<$,1Q5!270 +(ﬃﬂ)( #($&)($oC35SC^5!$"='0NSﬁ<0n%$&2'x; ﬁ*01*231"%4&5%)($,*5')
=0r
z
Pousse minimale totale normalisee
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Pr
ob
. d
en
si
ty
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
Pousse minimale totale normalisee :
 e+jets→t t
 single top voie t
 W+jets
Pousse minimale totale normalisee
0 0.05 0.1 0.15 0.2 0.25 0.3
A
pl
an
ar
ite
 to
ta
le
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
' )(+*|3Mz^M
=
~
,  ?>D/

1    
)
/088  11
*
CE6FC
*
>
:
1 A
)
A >
:
1h6
)
=
*
>
:
CE8  11ﬃ  
)
/ =
:
1 8C ?D6>
:
17A
:
178 *
)
62 8  =7C 6

C   >D/$ > >D6A
A =
)
CE8

17A 8 8  1
:
1

A C
)
6F6  178 	  2D=
)
C AB1  

)
== 1
:
> A C
)
6F8&176FA =1

17A AB1&< >D=C >
9ﬂ:
1317A
:
4 > 
:
>D6>D=7C A  1  
)
/ = 2178  17<  1761
*
176FA 8321
8C ?D6>
: 
> A =
)
CE8

17A 8P8  1
:
1

A C
)
66  178 	
/# #'$& #%4&*)U[>Z $,%4&£":<5!/<$,'V!$o)(ﬁ'$&0$o2! 2]M
}+/+*2*01*23Lﬁ<2!)($&+'+x*)T4& )()^+xﬁ<001¨+( 2]£)<$,T!5
)($&R<2! 4
9
)<$,7!5 %'5!$,A><2!pM
8 m><2!ﬁ($&<2 A/3' $o)*0[4& 2!ﬁﬂ*)4&  ﬁ<01"% #($,%$o4&$,3+AABﬃ! C^5
+/+*2!*01*2]l */*Nﬁ*)P!*5W7ﬃ3\3"=(ﬃ-*)*)*M

j x><2%ﬁ($,<2ﬂ£/^' $&)*0n%4& 2%ﬁ£*)Pﬁ<2!)'B5!$,Lﬁ<001
"
l

 
5


  



 



 



 

*
	
	




 


8*)@>?<2!ﬁ($,<2%);

 

)(<2]ﬀ4,*)7*2!)($&3+*)ﬀ!A"!'( #%$&4&$,^+*)7!5I)($,R<2! 4PS!*)@>?<2!!)7 )()$+*)ﬀ 5W 
/# #'$& #%4&*)

 
5
 


  

 
C^5N4.<2ﬂ/*5lﬁ<0n%$&2'*M $84,N)($,R<2! 48<5A4,n!'5!$&U[>?<2!ﬂ*)(Tﬁ<01"=<)^+x
"%4o5!)($,*5'B)"!'(ﬁ*)()(5!)Y$o2!H+"=*2!! 23()
9
4o Tﬁ<23'$,5($,<2n'(*4& #($,/U*)w"%'(^ﬁ*))(5!)*)V- T"!'(*2!!'(H*21ﬁ<0"!M
;

 

)}+*ﬁ'$,1- 14.Q $&L*)P #:<2%! 2!ﬁ*)y'(*4o #($,/*)U #*2!!5!*) £LBﬃ! 5!2*)wA"!'^ﬁ*)()5!)
"
;

 
65





 ]

 

$
9
T"%4&5!)
9
4,*)H/v #'$o #%4,*))<2]s$&2!+"=*2!% 2]*)
9
;

 

)T>Z ﬁ'$&)T*27"!'(!5!$,!*)H*2%)($,3+*)sV"%'(% vE
%$o4&$,3+*)y$&2!!$&/^$&%5*4&4,*)
"
 <

 
5





]
 


k£'B2!$Z-'(Vﬃ3\^":(ﬃ-*)(l2p*)s"% )/v 4& #4,P*27Rj+*2H+' 4.M!
Q5($&4&$&) #($,<2;T/# #'$& #%4,*)ﬁ'('+*4+*)U n"=<5'
ﬁ_=PL'+*%5!$,'(£4,£"=<5/<$,'V!$&)(ﬁ'$o0$&2! 23Hn4& x><2%ﬁ($,<2ﬂ£/^' $&)*0n%4& 2%ﬁM!JV*)V0 +(ﬃ*)UﬁW$&)*23
"=<5'y+*ﬁ'('+*4,'l4,*)y/# #'$& #4,*)
9
0 $&)y*4o4,*)U2L)<23U"% )P5($&4&$&)^+*)y$o$.M
rH2"!'B #($&C35!
9
4& [><2!ﬁ($&<2@V/3'B $&)*0n%4& 2!ﬁV*)Hﬁ<2!)('5!$,1- ["% #'($,'H*)*2!)$,3+*)!P"!'( #%$&4&$,^+*)
'(R'<5"+*)1! 2!)x*)xﬃ!$&)(R' 001*)Mk*)xﬁ<5':*)xS*2!)$,3+*)1)<2]x*2!)5!$,S$&2]'":<4+*)x7>Z :Xﬁ<2
4&$o2H+* $,'(l"=<5'y'^+*!5!$,'l4o 1H+":*2%! 2!ﬁ[!5ﬀ2!<0[!'LQ$&23'(/v 4o4,*)M
	
ﬃ! ﬃ ﬃ 
É
¯
°^±?°
®³
µ
À
¶ &°±
­¦³`ÀÇÀ
±
À C
µ?°
C
±
À%¿­
±?°'&°±  
¯
°
[¯
°^¶j° Bm°¶
³

8ﬁ'$,-'(;!)3+*4,*ﬁ($,<2m)5'L4& S"=<4,R<$,1R<4, 4,14.}+/+*2*0*2]N*)[!$&'(*ﬁ*01*23L #"!"%4&$&C^5+1 5
'+*)(5%4,( #!V4& n><2%ﬁ($,<2@!P/^' $&)*0n%4& 2!ﬁM
pT)*5!$&4

{*¾[*)(sBﬃ<$&)($T>? :Xﬁ<2¨- N!$,/$&)'" #'*5W

r

4& 1ﬁ<23'$,5($,<2S*)U>?<2!!) 57*A()M

j A>?<2!ﬁ($,<27/3' $o)*0[4& 2!ﬁ7*)n*)(3+)(5'x*)¨+/+*2*01*23()1 ( 
9
5 *mF()N1)($&2!R<4,;"§/<$,7M

8*)ﬁ<5!'(=*)HT"='(>?'0 2!ﬁT)<2]y<2%2H+*))5'4o [©!R<5!'(£|3Mz^M
r
M!
8*)/v 4,*5!')H!V/^' $&)*0n%4& 2%ﬁV)<23
"%4o5¤x"!'(ﬃ*)1 S"=<5'4&S)$,R<2! 4s{"=<5'4,*)x!'B5!$,()xﬀ>?<2!MYr4&4&*)N0<2]'(*23;C^5ﬀ"=<5'15!2
( 5WST'(«FU!l¾#{ Ê!*)s><2!%) 5&*S()sU)($&2R<4,V"ﬀ/<$,£
9
~¾ Ê*)@+/+*2!*01*2]()V£)($,R<2! 4:)<23
)^+*4,*ﬁ($&<2!2H+*)M
L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Pr
ob
. d
en
si
ty
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
Vraisemblance_3jets
 l+jets→tt
single top voie t
W+jets
Efficacite de selection du signal
0 0.2 0.4 0.6 0.8 1
Ef
fic
ac
ite
 d
e 
re
jet
 de
s f
on
ds
0
0.2
0.4
0.6
0.8
1
3 jets
4 jets
 5 jets≥
' )(+*8|3Mz^M
r ,  ?>D/

1   PCE8A =7C
9
/ A C
)
6F8 176 <= >DCE8 1
*9ﬂ:
>D6

1  
)
/0=
:
178  17<  176l1
*
176FA 8

>&A =
)
CE8

17A 8  
)
/0=
:
1 8C ?D6>
:
17A
:
178 *
)
62D8  =CE6

C   >D/$ 	
 2D=
)
CEAB1    17= *
)
=
*
>D6

178 2D/

=CEA

17=1 21P<= >DCE8 1
*9ﬂ:
>D6

1R176 *
)
6

A C
)
6 2D/36
)+*9
=1 21

17A 8
8  1
:
1

A C
)
66  178 2>D6F8
:
4  17<  1761
*
176FA 	5GI178+C
*
 
)
=A >D6FAB178

/

A />DA C
)
68 8A >DA CE8A C /F178 8
)
6A <CE8C
9ﬂ:
178  
)
/0=
:
178  17<  176l1
*
176FA 8

>

CE6

17A 8R17A  
:
/08 	

8*)":'>'0; 2!ﬁ*)j!4& V>?<2!ﬁ($,<2NH/^' $&)(*0[%4o 2!ﬁ<23n+3+y*)(($&0 +*))(5'w4,0S¤*01U4,wH<2%2H+*)
C^5!$8 S)'/^$s- @"%'(^%5!$,'(L4,*)T*2!)$,3+*)T!n"!'% #%$&4&$&3+*)*M<5'l/+'$&©!'TC^5xﬁ #"!"!'(ﬃ!N2Q$o2]'(!5!$&
"% )V[$& $&)U! 2%)V4.Q 2% 4,\^)(
9
4,*)T4,()V!n<2!2+*)V<23ﬂ+3+!$,/$&)^+*)U*2D*5W
"
5!2A4,Tn!<2!2H+*)l)'(
- x"!'^!5%$,'(V4&*)y*2!)($,^+*)U!£"!'(% #%$o4&$,3+*)
9
4.Q 5'(£"='01Up*)($&01'U4,*)s"='(>?'0 2%ﬁ*)yL4& N><2%ﬁ($,<2
V/3'B $&)*0n%4& 2!ﬁM6V5%2!5!2@%$& $&)H)($,R<2!$,© #($,>2*)sﬁ<2!)( #3+[! 2!)s4& n4&$&0$&V*)H'('(*5'B)H)( #($o)($&C^5*)M

Q #"!"!'(ﬃL `/*[4& 1)(( #($&)($&C^5Lﬁ<01"%4.-n*)P $&2%)($=/v 4o$&H+M
 
])^P] 
Ii	k g
b
c Rc d
b
cpc 5glkmhf Rced
b
c
b
cefRc vcefhgd 



*ﬁ($,>pVﬁ£)^+*4,*ﬁ($&<2@*)(V'(<5/'s5!27ﬁ<01"!'(<0$o)*23'(T4o L)*2!)($&%$&4&$,^+P)(( #($&)($&C^5PT4& 
01*)5'(l<5y*2ﬀ!$&0;$&235% 2]4,*)s'('(*5'B)y)\^)(3+*0; #($&C35!*)M%Jl 2!)yﬁn 2% 4,\^)(
9
4&*)s'('(*5')y)(( #($&)($&C^5*)
)<23np'(*)NN+«- A>Z $,%4&*)M8
ﬁ_='(1 A!<2!"='(^+S)(5'x4& ﬂ'+*!5%ﬁ($,<2 !@4.Q$&0"% ﬁn*)N$&2!ﬁ'($,(5!*)
)\)^+*0 #($&C^5*)@)(5'4& ¦)*ﬁ($&<2; ﬁ0*)(5'+Mw #'@ﬁ<2%)3+*C35*23
9
4&ﬀ%51"!'(*0;$,'1*)ﬁ'$,-'(*)@
)^+*4,*ﬁ($&<2ﬂ*)Pp"!($&0$&)('s4&£' #"!"='(y)($,R<2! 48)(5'y!'5%$,M
Jl 2!)n4,%5!
9
"%4&5!)$,*5')T*2!)*0n%4,!;ﬁ'$,-'(*)N;)^+*4,*ﬁ($&<2m<23¨+^+ﬀﬁ<2!)($&+'+*)*M8OF4&)Lﬁ<23($,*2!2*23
4,*)Tﬁ'$,-'(*)L":<4&R<$&C35!*)P£$&2+*0 #($oC35*)£+( $o4&4B+*)£ 5"% #' `/v 23
9
0 $&)l!$a_-'(*23l)5'T4&*)Tﬁ'B$,ﬁ-'(*)£
'(*ﬁ<2%)'5!ﬁ($,<2;ﬁ<01"%4.-lU4.}+/+*2*0*2]sH4&*)ﬁ'$,-'(*)y"=<4,R<$,UR<4&% 4,M]
j [)^+*4,*ﬁ($,<2@<2!2! 23
4& 10*$&4&4,*5'V"!'+*$o)($,<2S( 4,n*)Pﬁ<2!)'/+[" #'P4& 1)(5!$&M
6T$&2!)$
9
! 2!)2'P 2! 4,\)
9
4,*)x+/+*2*01*23()s)<2]H)3+*4,*ﬁ($,<2!2+*)s)($ﬁW ﬁ*01*23s5%214,"!<2A`+*4,*ﬁ'(<2
<5 0N5<2

$&)<4+
9
 R' 2% $&01"%5!4o)($,<2 ' 2%)/') ?"



z#{
Ã
 zv

 ﬁ*23' 4

 

 
z¾

*) '(*ﬁ<2%)'5!$,# )($ 5!2! +*2'R<$, ' 2!)/')( 0; 2!C35% 2] )(5!"+'$,*5'( - 

rv
r



{
Ã
 *)@01*)5'^+ )($P 5 01<$&2%)x'(<$&)T()@ﬃ% '(<2!$&C^5*)xﬂR'B 2!+*2'(R<$&A' 2!)(/')
r 



{
Ã
 zvPHﬁ*2]' 5W
 
	

z¾[)<2]HH+*ﬁ3+*)
9
!<2] 5;01<$&2!)Y5!21p*2]'(P*5WN*)($&*23($,©s+
ﬁ<00TFL %Mp
8 S"5'(3+1*2¦)($,R<2! 4*)n 4,')£ 0+*4&$,'+;*2¦*0 2!! 23L4& 7"!'+*)*2%ﬁ;Q5!2D=<)<2
- ﬃ! !'(<2!$&C^5£'(*ﬁ<2!)('5!$,nZ0
 
5
0


#{
Ã
 zv


M=
8 ;Rj+<0 +'$,1R<4,% 4&[n4q}+/+*2*01*23L<$,
 5!))($¤'(nﬁ<01" #($,%4,L `/*[ﬁ*4&4,LpQ5!2 +/+*2*0*2]T ( 
"


{*¾^M

8x( #%4,* 5m|3M1'+*)(5%014,*)T; $,^+*)N*)£ﬁ'$,-'(*)L!x)^+*4&*ﬁ($,<2¦"=<5'£4,1)($,R<2! 4L4,*)l%'5!$,()T
>?<2! 57*()U 
 *B21 '   Rﬃ /<$,[M:
p*)P2!<0[!'*)P«+/+*2!*01*2]()£ #*2%!5!)P![)($,R<2! 4pVL%'5!$,()
A><2! )($&01"4,*01*231@<54,*01*23+($&C35!3+*)7"=<5';5%2A4&5!0;$&2<)($,^+ﬂ$&233+R'^+¨  {{ "!
>

)<23
'("%'^+*)*2]^+*))5'14,*)N©!R<5'(*)|3Mz^Mz#{@|3Mz^Mz #M
8*)n%'5!$,()N7><2!"!'B$&2!$,"% 5W)<23x)(  
 	*m()
9
5 *A()UP4& x"%'(^%5!ﬁ($,<27>? $&%4,£LC^5! #' )y"! 2%)y4,L 2! 4pM

87'B #"!"='(N)$,R<2! 4s)(5'x!'5%$,n*)(x!ﬀ¾^M
Ë
":<5!'x4&*)m+/+*2*01*23()@ `\< 2];ﬁW ﬁ*01*23@5%2ﬂ1$&*23($,©s+
%
9
 
Ë
"=<5'[4,*)+/+*2*01*23()1 *\< 23NﬁW ﬁ*01*231*5W@F()N$&*23($,©s+*) %`Mj
8 ﬂ"%'^+*$&)($,<2¨)(( #($&)($&C^5
9
8
 *  z(
9
/v 5P¾^M

 "=<5'y4,*);+/+*2*01*23()l *\< 23UﬁW ﬁ*01*2]T5!2nU$&*23($,©+ %
9

Ë
M
r
"=<5'U4,*)
+/+*2!*01*2]()l `\< 2]VﬁW ﬁ*01*23l*5WnF()V$&*23($,©+*)&%M
 
*]|3M
,
 
?&l:*)  
  ' & * &#II
ﬂ e	II
3 & 	e&0
 *ﬁ 
  ﬀ+  '    *ﬁ II
)ﬀ   j '
ﬀ  * 1l & 'P06' ﬃ,
D *ﬁ'!ﬀ   
 *):*  & 
k'$,-'(*)U!L)3+*4,*ﬁ($,<2 $&R<2! 4=
(

 4C*HF() 5 *  V()   *)21(' {DRﬃ /<$,L
+*4,*ﬁ($,<2L4.«+*4,*ﬁ'(<2Z0n5!<2

¾¾^M
Ë
q|#¾^MQ{

Ë
{MQ{
ËË
M

¾

M
Ë
.¾

M
Ë

+*4,*ﬁ($&<2A)(5'

r

Ëv
M~
Ë
|3M |#¾^M¾
6T5ﬂ01<$&2%)UVF()
Ë
{M

#M #{MQ{
l<5DzPF() % ~#{MQ{
r
M¾ |#z^M |
+*4&*ﬁ($,<2A!5R- ﬃ! !'(<2!$&C^5 ¾<|3MQ{ ¾^M~ z
r
MQ{
ﬀ'B01LR<4,% 4&LL4.}+/+*2*0*2] ~^M
ﬀr
MQ{ ¾~^M |
jet multiplicity
1 2 3 4 5 6
1-
ta
g 
ev
en
ts
0
100
200
300
400
500 Total
 l+jets→ tt
+jetsτ → tt
 ll’→ tt
 jets→ tt
tqb
tW
tb
 ee→Z 
µµ →Z 
ττ →Z 
W+jets
jet multiplicity
1 2 3 4 5 6
2-
ta
gs
 e
ve
nt
s
0
20
40
60
80
100
120
140
Total
 l+jets→ tt
+jetsτ → tt
 ll’→ tt
 jets→ tt
tqb
tW
tb
 ee→Z 
µµ →Z 
ττ →Z 
W+jets
' )(+*j|3Mz^Mz#{
,

)+* 9
= 1254  17<  176l1
*
176FA 8+8  1
:
1

A C
)
6F6  178 2>D68
:
1

> 6>
:
    2	ﬃ 176#*
)
6

A C
)
6 2D/ 6
)+* 9
= 1&21

17A 8
8  1
:
1

A C
)
66  178 ﬃq>D<D1

1
$>

AB1
*
176Aq/ 6

17A  17A C /F17A  1	 %

>R?>D/

1'&;17Aq217/$

17A 8  17A C /F17A  178 	 %

>32D=
)
CEAB1'& 	
'
178S6
)+*9
=178
254  17<  176l1
*
176A 8#8
)
6FA+6
)
=
*
>
:
C 8  178

> /061
:
/
*
C 6
)
8CEA  1 CE6FA  1 ?D= 11{21		 
9

	l17/
:
8
:
178  17<  176l1
*
176A 8 >  >D6FA/061
*
/
:
A C  
:
C

CEA  1P8/    17=7C 17/0= 1
)
/  1 ?>
:
1

>&A =
)
CE8P8
)
6A 8  1
:
1

A C
)
6F6  178 	5GI1R217=76C 17=@CE6AB17=7< >
: :
1+21
*
/
:
A C  
:
C

C A  1+178A CE6

:
/08C * 	

r
¾
jet multiplicity
1 2 3 4 5 6
1-
ta
g 
ev
en
ts
0
100
200
300
400
500
600
Total
 l+jets→ tt
+jetsτ → tt
 ll’→ tt
 jets→ tt
tqb
tW
tb
 ee→Z 
µµ →Z 
ττ →Z 
W+jets
jet multiplicity
1 2 3 4 5 6
2-
ta
gs
 e
ve
nt
s
0
20
40
60
80
100
120
140
160
180 Total
 l+jets→ tt
+jetsτ → tt
 ll’→ tt
 jets→ tt
tqb
tW
tb
 ee→Z 
µµ →Z 
ττ →Z 
W+jets
' )(+*j|3Mz^Mz 
,

)+*9
=1 254  17<  176l1
*
176A 8+8  1
:
1

A C
)
66  178 2>D68
:
1

> 6>
: 
   2	ﬃ 176 *
)
6

A C
)
6 2D/#6
)0* 9
=121

17A 8
8  1
:
1

A C
)
66  178 ﬃq>D<D1

1
$>

AB1
*
176Aq/ 6

17A  17A C /F17A  1	 %

>R?>D/

1'&;17Aq217/$

17A 8  17A C /F17A  178 	 %

>32D=
)
CEAB1'& 	
'
178S6
)+*9
=178
254  17<  176l1
*
176A 8h8
)
6AI6
)
=
*
>
:
CE8  178

>R/06l1
:
/
*
CE6
)
8CEA  1 CE6FA  1 ?D= 11P21 	  
9
 
	 l17/
:
8
:
178  17<  1761
*
176FA 8S>  >D6FAe> /
*?)
CE68
A =
)
CE8

17A 8S8
)
6FA

)+*
 A >
9
C
:
CE8  178  
)
/0=
:
4 178A C
*
>DA C
)
6{21/2ﬀ42 	ﬀG51+217=6FC 17= CE6AB17=7< >
:E:
1+21
*
/
:
A C  
:
C

CEA  1+178ACE6

:
/08C * 	
/
c  
	 O
T
	 QSO K1f ;	 fRQSO f Q
	 QYf

j A"%'(^+*!5!'(@ﬁW' ﬁ($,<2!@4& D)*ﬁ($,<2; ﬁﬂ)Q$o2!)"%$,'*)x0 +(ﬃ^!*)N+/*4&"!"+*)1"% #'x4& 
ﬁ<4&4o #:'B #($,<2ﬂJLK¬+( $o4&4B+n! 2%)P4,L" #' #R' #"%ﬃx¾^M¾^M:
j )*ﬁ($,<2; ﬁN'(*ﬃ!'ﬃ+10 vW$&0$&)([5!2
>?<2!ﬁ($,<27T/3' $o)*0[4& 2!ﬁlC35!$:ﬁ<01"% #'l4&V2<0n!'(l}+/+*2*0*2]()P%)'(/+*)y! 2!)s4,*)<2!2+*)
9
s4,
2<0n!'(Lp}+/+*2*01*23()T"!'^+*!$,()s*2A><2!ﬁ($&<2ﬂL4& 1)*ﬁ($&<2ﬀ; ﬁx!5ﬀ)($,R<2! 4qM
rH2"!'+/$&)($&<2P4& n01*)(5'P!52!$&/* 5@Vﬁ'(( $&2!)><2!%))(5'4,*)!<2!2H+*)'+*4o4,*)
9
4&*)1+/+*2!*01*2]()
)<23U'+"% #'($&)y*2ﬂ)*$&¢[ 2! 5WSﬁW4o5!)($,>Z)y)*4,<2
"
$
4,£G\^"=L!5ﬀ4,"!<2ﬂ)^+*4&*ﬁ($,<2!2+7`+*4,*ﬁ'<2A<50n5<2

9
$
4& 10n5%4,($,"%4&$o$,3+V*2N()n.
9

9
¾x<5ﬂ 5ﬂ0<$&2!)
Ë

9
$
4,L2<0n!'(L()S+($&C^53+*) %1?ﬁW ﬁ*01*23 L<5ﬀﬁW ﬁ*0*2]£z

M
rH2!)(5!$&N4,*)l'+*)5!4,( #()[!xﬁ*)n)*$,¢ 2! 5WﬁW4&5!)($,>Z)l)<23[ﬁ<0[$&2H+*)@- ﬀ4.Q $&!xpQ5!2x><2%ﬁ($,<2¦
/^' $&)*0n%4& 2%ﬁ;"=<5'1<2!2'x4& )*ﬁ($,<2; ﬁ!5 )$,R<2! 4.Mw
pS"!'$o2!$,"=ﬀﬁﬂ0 +(ﬃﬀ*)1
'(<5!/'l5%2n)*ﬁ($&<2@ ﬁ
3
?
(


C35!$8"!'+*!$,l5!2D2<0n!'([( 4Yp}+/+*2*01*23()[)^+*4,*ﬁ($&<2!2H+*)£4,N"%4&5!)
"!'^Bﬃ£"=<)()($,%4&l!Lﬁ*4&5!$%)('(/+M:
8 1>?<2!ﬁ($,<2ﬂ!L/3'B $&)*0n%4& 2!ﬁLC^5Q$&4=>Z 5!' 10; vW$&0;$&)'y*)TL4& 
>?'01
"
l
3

5


  
 "

" 
$


" 

$




" 





" 
	ﬀ
 

	
"ﬁ

3




	


q|3M^M

 `/*@uﬃﬂ 
"!

3




4,;2<0n!'(@}+/+*2*01*23()1 #*2!!5%)nC^5!$+"=*2! ;4& ﬂ)(*ﬁ($,<2m@ ﬁ@
(

9
nuﬃ#%$&
4,@2<0[%'(( 4}+/+*2*01*23()x"=<5'
3
?
(

5
~#{{A"%pM8
8 A><2%ﬁ($,<2

)(5%$,[5!2@4,<$Y"=<$&)()<2%$,*2!2
"



u
65

>'
Quﬃ(Uz *),M

ﬁ_:Y*)w$&2%ﬁ'(($,(5!*)j)\)3+*0 #($&C^5*)wY4,*5')ﬁ'('+*4& #($,<2%)w*2]'(s4,*)w)*$,¢s 2! 5WxQ 2! 4,\)H*)
 5!))($<"!'B$&)p*2xﬁ<01"!"% #'Yﬁs><2%ﬁ($,<2x/^' $&)*0n%4& 2%ﬁMksﬃ% C35)<5'ﬁsQ$&2%ﬁ'(($,(5!*)[+(5%!$B+

rË
$&2%!$,/$&!5*4&4&*01*2]
9
*2;>Z $&)( 23/# #'$,')<2@'('(*5'


3
H*2@'(* 4&5%4& 2]4,*)@ $,3+*)yV)^+*4,*ﬁ($&<2
!5D)($,R<2% 4p£*)T><2%!)M ﬂV2x2<5/*4o4,n)*ﬁ($&<2@ ﬁ0 vW$o0$&)N4& ;"%'(% #%$&4o$,3+nN/3'B $&)*0n%4& 2!ﬁM

j !$a_P+'(*2!ﬁL*23'(nﬁx2<5/*4o4,£/v 4&*5'UV4o 1/v 4&*5'Pﬁ*23' 4,[)( 2%)P)\)3+*0 #($&C^5*)T<2!2L4.''(*5'
 )()(^$+M=
Q$&2%ﬁ'(($,(5!L)(\^)^+*0 #($oC35N( 4,N*)T!*235![*2D F<5( 23lC35! !' #($&C^5*01*23U<5*)l4,*)
'('*5')y)\)3+*0 #($&C^5*)
9
+( $o4&4B+*)V% 2!)y4& )*ﬁ($&<2ﬂ)(5!$,/# 23M
/
c   UQYf T OﬂO UK1f ?eO Mf  	 O xf
6T5ﬀ
8i£k
9
4,*)P$&2!ﬁ'(($,(5%*)s)\^)(3+*0; #($&C35!*)U/<23P' #"%$o*01*23s!/*2!$,'U4& 1ﬁ<23'$,%5!($,<2S<0$&2! 23
)(5!'x4q'('(*5'1( 4,M
8 ¦2'B0 4&$&)( #($&<2!*)1><2%!)
9
4,*)x' !$o #($,<2!)1! 2!)14q}+( #7$&2!$,($o 4©2! 4s4& 
"!'+*$o)($,<2¦)(5'n4& ﬀ0 )()@!5¨C^5! #' D" )<23[4,*)£"%'$&2!$," 4,*)V)(<5'ﬁ*)[pQ$&2!ﬁ'(($,(5%*)l(ﬃH+'$&C^5*)M8
8*)
"!'B$&2!$,"% 4&*)£$&2!ﬁ'(($,(5%*)LﬁW"+'$&01*23( 4,*)x)<2314&$B+*)ﬂ- 4& ﬁ<2!2! $&))( 2!ﬁS@4.«+( 4,<2%2! #Rﬀ*2¬+*2!'(R<$,
*)wF()
9
L4.Q$&*23($,©% #($&<27!*)F()VLC^5! #' )3%
9
N- 14& 101*)5'(LL4& 14o5!0$&2<)$,3+M
Jl 2!)4,U )Q5%2y 2! 4,\)yﬁ_:*ﬁ(5+l */*V*)<2%2H+*)'+*4&4,*)
9
4,*)$&2!ﬁ'($,(5!*)Y!5!*)Y 5Wx2!'0 vE
4&$o)( #($,<2!)y)(5!'P<2!2+*)P'^+*4&4,*)UT 5WI+/*2](5!*4&4,*)Pﬁ''(*ﬁ($,<2!)V*2]'[<2!2+*)VV)($o0n5!4o #($,<2!)y<$,/*23
+R< 4,*01*23n¤'L"!'$&)(*)s*2ﬂﬁ<01"!M
 
]  ]_ 
f Ic
a
glk g+ﬁ Rced g  
b
cm
a
k ﬂﬁ ced
	
ﬃ  ﬃ%$ﬃ%$
¹*¶
®
°^²
³
µ
³
´&°
ÁÁ
´8²S±
­
¶
À
² B
­
±Zµ
Á*­³
µ
À
¶ &°
Á

À
¶&
Á
ÈL²
À®
°
Á*Á
´
Á 57*A()

8*)$&2!ﬁ'($,(5!*)Y)(5!'H4& L)(*ﬁ($,<2; ﬁl*)"!'(ﬁ*)()(5!) 5*x()H+"=*2!*23V4& £"!'+*$&)$,<2;V 4&5!4
l4.«+*4+*01*23P£0 #'$oﬁ1Z 4o5!4&) 
9
+*ﬃ*4&4&*)yl'(*2'0 4o$&)( #($,<2@Ul>? ﬁ'B$&)( #($,<2
9
0 ))£*)
C^5! #' )4,<5!'!)U?7


9
s*)H$&2!ﬁ'(($,(5%*)4&$+*)£- [4.Q ))^$o #($,<2;*23'(T5!2"% #'<2;$&)()5!5"%'(^ﬁ*))(5!)
!5!'HU5!2[s'(*ﬁ<2!)'5%$,M%k£"!'(%+*!5'(£Q )()(^$& #($&<2S*)y$&2!ﬁ<23<5'2! #%4&V"=<5'sRj+*2H+'('Vﬁ''(*E
*01*23P4,*)U"!'(ﬁ*)()(5!)yLﬃ% 5[0N5!4,($,"%4o$&$,3+M
uV["=<5/# 2]VC35! 23($,©!'VL>Z :Xﬁ<2A"!'+*$o)nBﬃ! 5!2D[ﬁ*)Vﬁ_:()
9
5!2n$&2!ﬁ'(($,(5%£R<4,% 4,nnz#{ g*)
 #'$&%5H+)(5'L4& S)*ﬁ($&<2¦; ﬁ@!*)l"!'(ﬁ*)()(5!) 5 *()

|  qMjkl*)[4.Q$&2%ﬁ'(($,(5!N01*)(5'+;"% #'L4& 
ﬁ<4&4o #:'B #($,<2mJLK )(5'N4& A"%'(^+*!5!'(@Q ))^$o #($,<2m*23'(7"% #'(<2Rj+*2H+'^+ﬂVFN'(*ﬁ<2!)('5!$,
9
<0$aE
2! 23x! 2!)T4,*)P"%'(^ﬁ*))(5!)A5 *()Mks<001ﬂ- @JLK
9
4& ;2!'0 4&$&) #($,<2ﬂ"=<5'('B )N>? $,'S- @"% #'(($,'T*)
<2%2H+*)y'^+*4&4,*)M
ÈL²
À®
°
Á*Á
´
Á   *	 x 


j A)*ﬁ($,<2; ﬁﬀ*)n>?<2!!) @ *mF()n*)x)<5!0$o)@ 5Wm0ﬀ¤*0*)1$&2!ﬁ'(($,(5%*)[C^5@ﬁ*4o4,@*)n>?<2!!)
5ﬀ*¨()Mjk"=*2!% 2]
9
4& S'*ﬁ<2!)'5!ﬁ($&<2¨!5=<)<2   ! 2!)L4&*)£<2!2+*)L'+*4o4,*)L"=<5'('B @ $&!'7- ﬀ4& 
2'B0 4&$&)( #($&<27!Lﬁ*)y><2%!)MkT*)y"=<5'BC35<$=5!2!l$o2!ﬁ'(($,(5!!l![¾ *)U #'$,5H+7- 4& x)*ﬁ($,<2A1E
 ﬁN*)y"!'(ﬁ*)()(5%).@ *A()

|#z qM:k[/# 4,*5'P*)P$&)()5LL4.*)($o0 #($,<2ﬂ!5A2<0[%'(L}+/+*2*0*2]()
@=*  s()s)3+*4,*ﬁ($,<2!2+*)y #*2!%5!)
9
! 2!)!*)!<2!2H+*)sﬁ'('(*)"=<2!! 23l- N5!2T4&5!0$o2<)($,^+P$&233+R'^+L
 {{1"%
>

M
ÈL²
À®
°
Á*Á
´
Á
Á
µZ¶
C
±?°
³`À%Ç

8*)Y$&2!ﬁ'(($,(5%*)"!'$&2!$&"% 4,*)8)5'Y4& £)*ﬁ($,<2x; ﬁVy"!'(!5!ﬁ($,<2n>Z $,%4,syC35% #' ^)w";"!'(`/$,*2!2!*2]
74& Dﬁ<2!2! $&)() 2!ﬁ7!74& D0 )()(7!5C^5! #' ¦"
9
*)N>?<2!ﬁ($,<2!)NS!$&)'$&%5($,<2!)l" #'(<2!$&C^5*)SZ*)

r
|
R<4&5!<2!)Ys!5;C^5! #'  %s"!'B$&2!$,"% 4&*01*2]

s*)1+*ﬃ*4&4&*)HV'(*2'0; 4&$&)( #($,<2V>? ﬁ'B$&)( #($,<2M^<5'
4,1 2! 4w*2/<$& NZ4,1!'B5!$,V!N>?<2!"!'B$&2!$,"% 48"% #'0$w4,*)l'<$&)l"!'(ﬁ*)()(5!) ﬃ  *)21('   Rﬃ

9
4o 7)(*ﬁ($,<2
; ﬁN*)lﬁ<2!2^5S- S¾  "%'-*)

*zqM ﬂT2n$&2%ﬁ'(($,(5!nn¾  *)V #'B$,%5+ﬂ- @4& ;)*ﬁ($,<2; ﬁ1*)
'(<$o)s"!'(ﬁ*)()(5!)M
	
ﬃ  ﬃ%$ﬃ" 
¹*¶
®
°^²
³
µ
³
´&°
ÁÁ
´8²S±?°
Á
¹vÉ  °
³
É 

8*)p' %$& #($,<2!)p!H4.«+( #w$&2!$,($& 40^!$&©!*2]"%'$&2!$," 4,*01*23p4& U0N5!4,($,"%4o$&$,3+w*2y()j!*)T+/+*2*0*2]()M

8*)£' !$& #($&<2!)L;4q}+( #N©%2! 4Yﬁ<2%!5!$&)*23@- A!*)F()n"%4&5%)£4& #'(R*)L<23n5%21"% #'(($,!;4.}+*2'(R<$,;*)
)(5%)(ﬁ"!($,%4&;a¤'(ﬀ' `\<2!2H+ﬂ*2§*ﬃ')x!5§]¤<2ﬀ7'(*ﬁ<2!)('5!ﬁ($,<2Mkxﬁ_=x*2]' `¤ ¥o2ﬀ 4,')x5!2
0 5!/v $&)(ﬂ01*)(5'(A4.«+*2'(R<$&!5D"=<5/# 2]@ﬁ<2!!5!$,' - ¨)<2 +*4o$&0$&2! #($&<2A4& ¨)^+*4&*ﬁ($,<2MH
8*)
' %$& #($,<2!)y*)7+( #()T$&2!$&($& 4:U©%2! 401!$,©%*2]y4,£( 5Wﬂ«+/+*2*01*23()T)^+*4&*ﬁ($,<2!2+*)M
<5'N+/# 4&5'4o Tﬁ<23'$,5($,<2xyﬁ*)Y' !$o #($,<2!)Y)(5'Y4& l)*ﬁ($&<21; ﬁP01*)5'^+
9
4,*); $,^+*)
)^+*4,*ﬁ($&<2;!51)($&R<2! 4H*)><2!%)w<2]1+^+lﬁ<01"% #'+*) */*V)( 2!)O t +ﬀ6tLM3ks*)Yﬁ_:()H'(*4& #($&>?)w<23
+3+l*)($&0+*)s)(5'*)4,()«+/+*2!*01*2]()PPﬃ! 5T)( #($&)($oC35
9
Rj+*2H+'^+*)y"% #' 9: HG=NPO '(*ﬁ<2!)'B5!$,()
"% #'
  ﬀﬂ
Mp
ﬁ_=N)5'[4.; $&3+ﬀ7)3+*4,*ﬁ($,<2!5m)$,R<2! 4Y*)N 4&5!4+7"=<5'[5!2@$&2!ﬁ'(($,(5%
 {  )(5'
&
M=
p*)T; $,^+*)nN)^+*4&*ﬁ($,<2¦!5D)($,R<2! 4j/v #'B$,*2]l Fz	
5
 ~ 
9
£<2!Nx4& 70S¤*01
C^5! 23($,3+L"=<5'U4& 1)*ﬁ($,<2A; ﬁn0*)(5'+M
rH2©%2
9
$o4U"=<5'(' `¤ ¥&ﬀ¤'("=<)()$,%4,ﬂDﬁ<2]'B $&2!'(D4,*)'B !$& #($,<2!)@4q}+( #ﬀ$&2%$,($& 4n- m"% #'(($,'7*)
<2%2H+*)M ﬂT2L0 +(ﬃL% )^+N)(5'U4,*)y'B !$& #($,<2!)y!£R<4&5<2!)sP!LC35! #' ^)y! 2%)U4,*)y"!'^ﬁ*)()5!)yJT'(*4&4aE

 2ﬀ 5 *F()P*)U*2ﬂﬁ<5'B)UL+/*4,"!"=*01*23N- 6P
86

Ë
~qM
	
ﬃ  ﬃ%$ﬃ 
¹*¶
®
°^²
³
µ
³
´&°
ÁÁ
´8²S±
­
B
­%Á*Á
°&w´ Dp´
­
²	
³`ÀÇ

j y0 )()H!5£C35% #' V"n$&2%5Y)(5!'p4,*)!$&)'B$,%5($,<2%)$&2+*0; #($&C35!*)p)*)8"!'(!5!$,():+*)($o2]^+R' #($,<2
()
9
4,"!<2¨L2*5'$&2!

M=rH4&4,101!$,©!x 5!)()$Y4,*)L)*ﬁ($,<2%)l; ﬁ*)n!1"!'(!5!ﬁ($,<2C^5! #' )l"
*2 "% $,'(*)n<5§
  *)21('   Rﬃ
9
0 $&)Nﬁ*)xﬁ_:()1)(<2]N"!'$&)[*2§ﬁ<01"!S70; 2!$Z-'(7R<4,% 4,S! 2!)N4,*)
/# #'$& #($,<2%)T!*)£)*ﬁ($,<2!)l; ﬁ*)[*)l><2%!)1qk>}M" #' #R' #"%ﬃ;|3M

M#M

M
8 S0 )()1!5¦C^5! #' A"¦*)
ﬁ<2!2^51 ﬁ(5*4&4&*01*2]L `/*5!2x$&2!ﬁ'($,(5!x*23/^$,'<2z
Ã

Ł
 

Ër
qMp
'('(*5'£)(5'£4& S)*ﬁ($&<2¦1E
 ﬁn
(
P*)T[{M~ g":<5!'P5!2£/# #'$& #($,<2Dz
Ã

Ł


n4& 0 )()([!5ﬂC^5! #' S"pMk[/# #'$& #($,<2ﬂ*)
5!2%$&C35!*01*2]l!51 5Wﬃ! 2!R*01*2]()n! 2!)£4,*)l>?'01*)£!*)L!$&)'B$,%5($,<2%)P$&2+*0 #($oC35*)£!*)£"!'(!5!$,()
L+*)$&2]^+R' #($&<2!)V!*)y"% $,'(*)s)( `M
 
]  ]B^ 
f Ic
a
glk g+ﬁ Rced c 
b
c
a
k vcefhgi pced
	
ﬃ  ﬃ" #ﬃ%$
¹*¶
®
°^²
³
µ
³
´&°
ÁÁ
´8²S± 
¯
°
®#Å
°±Z±° &  
¯
°^¶j°3²
C
µ?° &j°
Á 
°
³`Á
ﬂT270 5/# $&)@ﬁ<2%2! $&)()( 2%ﬁ774.}+*ﬃ*4o4,7p}+*2!'(R<$,S*)y()x)7'^+":'B57)5'n4& 4& )()($&©% #($,<2
S2<) +/+*2!*01*2]();*2§><2%ﬁ($,<2§ﬀ4,*5'x0n5!4&($,"%4&$&$&3+@*2AF()M6T$&2!)$
9
*2§>?<2!ﬁ($,<2§*)1ﬁ'('(*ﬁ($&<2!)
)(5!';4.}+( 4,<2!2! #RD*)l()
9
4,*)§+/+*2!*01*2]()S"=*5/*23;0$&R'(';Q5!2 $&2]'/v 4&4&ﬂA0N5!4,($,"%4o$&$,3+m- ¨5!2
 5'V$&23'(/# 4&4,P/<$o)($&2
9
"=<5/# 230ﬀ¤*01l*23' `¤ ¥&2's*)H/v #'B$& #($,<2!))(5'4,T2!<0[!'P( 4=}+/+*2*0*2]()
)^+*4,*ﬁ($&<2!2H+*)M

}+(5% +^+ﬁ_:*ﬁ(5+*2 !$a_P+'*2!$& 23;4,*)ﬁ'('*ﬁ($,<2!);p}+*Bﬃ*4&4,D}+*2'(R<$,D*)T()@!ﬂ)( */*5'B)
4+R-'(*)N*)()[) */*5')n4,<5'!*)M8k*)L'2%$,')l2H+*ﬁ*)()($,*23[*2¨ﬁ_:N*)Lﬁ'('(*ﬁ($&<2!)L!$a_P+'(*23*)
*) 5'(*)"%5%$&)(C^54,*)"!'(ﬁ*)()(5!)j>' #R<0*2]( #($,<2NYQﬃ! !'(<2!$&)( #($&<2L)<23j"%4o5!)8!5!')
9
w 5!)()$<"=<5'

r
~
"!'*2!'(V*27ﬁ<0"!£4,*)y4,"!<2!)! 2!)sﬁ*)j()M!
p*)sﬁ'('*ﬁ($,<2!)y)<23s"% #'yﬁ<2!)3+*C35!*2]U"4&5!)%$,;$&4,*)£- 
!*2%$,'*M
<5'y5!2!V/# #'$& #($,<2S  £4.«+*ﬃ!*4&4,£}+*2'(R<$,£*)8()y£)( */*5!')y4B+R-'(*)
9
4& N)*ﬁ($,<2S@ ﬁ
01*)5'^+P/# #'$,T 
3
z
3#5
 

7M ﬂT270 5/# $&)x+( 4,<2!2% #Rl!V4.«+*2'(R<$&V*)pF()1+($&C^53+*)&%s*2]'B `¤ ¥&2
5!2!/# #'$& #($&<21U{M¾  )(5!'4& £)*ﬁ($,<21@ ﬁV01*)(5!'^+M]
p*)%$a_P+'(*2%ﬁ*)Y*2]'Pﬁ*)*5Wx/# 4,*5')w)<23
!5!*)y 5WS2!<0[!'*)U()ﬀ+($&C^53+*)PV2<2 +($&C^53+*)T% 2!)y4,*)S+/+*2*01*23()V)^+*4,*ﬁ($&<2!2H+*)M
	
ﬃ  ﬃ" #ﬃ" 
¹*¶
®
°^²
³
µ
³
´&°
ÁÁ
´8²S± 
¯
°
³
µDp´j°
³`­ C
° &j°
Á 
°
³`Á

j Lﬁ<2!2! $o)()( 2!ﬁUV4.; $,^+Vp}+($oC35( #Rl*):()!PC35% #' ^)+%
9
U0 5/# $&)U$o*2]($&©% #($,<2
*)()lN) */*5')£4+R-'(*)[*)lﬁ'5!$& 4,N"=<5'l4& @+'B0$&2! #($,<2!5D2!$,/* 5x)($,R<2% 48£*)T>?<2!!)M
kT*)(V"=<5'C^5<$p$o48 +3+Bﬃ<$&)($
9
"=<5'Tﬁ01*)(5'(
9
x2["% )T"!'*2!'(L*2ﬁ<01"%N5!2%$&C35!*01*2]T4,*)
+/+*2!*01*2]()@<5%4&*01*2]¨+($&C^53+*) %
"
4,*)x$&2%ﬁ'(($,(5!*)N)(5'14& D)*ﬁ($,<2§@ ﬁﬂ 5' $,*231 4,')¨+3+
"!'*)(C35!l!<5%4+*)y"% #'P' #"!"='(y 5Wﬀ'^+*)(5!4,( #()P"!'+*)*233+*)V$&$qM

8*)$o2!ﬁ'(($,(5!!*))5'ﬁ*); $,3+*)"=*5/*23w"!'(`/*2%$,'Y*) %5!ﬁ(5! #($&<2!)w)( #($&)($&C^5*)w! 2!)w4,*)w<2%2H+*)
4& ¦)$&0n5%4& #($,<2!)Mwr4o4,*)x"=*5/*2] 5%)()($s"!'(/*2!$,'«+/*23(5*4&)@H+*)( ﬁ'!)@*2]'A4,*)1<2!2+*);4& 
)($o0n5!4o #($,<2
"
4,*)x$&2!ﬁ'($,(5!*)N)\)3+*0 #($&C^5*)1)'(<2314&$B+*)1 5W $&2%ﬁ'(($,(5!*)N)(5'x4,*)xﬁ'('(*ﬁ($&<2!)1
4.@ $,3+n«+($&C^5( #RS- ; #"!"%4&$&C^5'[- 4& 1)$&0n5%4& #($,<2M
ﬂT2;0+*ﬁ<2%2! $&)()( 2%ﬁ;'(*4& #($&/;@¾  )(5'[4.@ $,3+7«+($&C^5( #RS*)s(){%N*23' `¤ ¥&2!;5!21/# vE
'$o #($,<2¦)(5'[4o ﬀ)*ﬁ($,<2¨@ ﬁ@01*)(5!'^+7^M¾ 7M
p( 5W¨0; 5/v $o)+($&C35!( #R@*)["%4&5!)£!$&;$&4,A- 
ﬁ<2!2% `¤ ¥,'(["%'^+*$&)3+*01*23T"5!$&)(C^5Q$&42+*ﬁ*)()$,14& ;ﬁ<2!)(($,(5($,<2Q5!2A4&T«+/+*2*01*23()£'-*)T"%5'P*2;()
L) */*5')V4B+R-'(*)M ﬂV2£''(*5'U { g)(5'UﬁL( 5Wﬀ$o01"%4&$&C^5T5!2£/# #'$& #($,<2ﬀ)(5!'
3
 
(


 #M¾ 7M
	
ﬃ  ﬃ" #ﬃ 
¹*¶
®
°^²
³
µ
³
´&°
ÁÁ
´8²S±
­
Bm°
Á
´j²°'&j°±
­
±Z´ BµZ¶
ÀÁ
µ
³¯
°
ks<001@- JLK
9
4o 14&5!0$&2!<)($,3+£)' 01*)5'^+S- 1" #'(($,'UQ5!2S"%'(^ﬁ*))(5!)y"%ﬃ3\)($&C^5A+( 4&<2M=k*)U"!'(#E
ﬁ*)()5!)Y)<23"!'$&2%$,"% 4,*01*23j4&*)Y"!'(ﬁ*)()(5!)Y!s%$a_=5%)($,<2x$&2+*4& )($oC35s"!"14&*)Y"!'(ﬁ*)()(5!)n+*4,*ﬁ'>? $,4,*)
ZJT'(*4&4,E 
 2ﬂU"!'^!5%ﬁ($,<2ﬀ -

M!OF4&)s"='01*23VQ #*$o2!'(L5!2![$&2!ﬁ'(($&(5!£)(5'P4o 101*)(5'(nL4& 
4&5%0$&2<)($&3+- 6U
j6ﬀ*2]/$,'(<2¾ 

|v{qM
ﬂT2N/v #'$o #($,<2¾  )(5'£4& 701*)(5'(1x4& S4&5!0;$&2<)($,^+N$&2]^+R'+7)x'^+":'B51"% #'£5!2N/v #'B$& #($,<2
Ë
M Ê)5'y4& 1)*ﬁ($,<2S; ﬁN01*)(5'+Mkl*)U4.'('(*5!'U)\^)(3+*0; #($&C35!L4& x"%4&5!)$&01"='(( 23l"=<5'y4& 101ﬁE
)(5!'(;4& A)*ﬁ($,<2¨@ ﬁM
j A2'0; 4&$&)( #($,<2¦!*)L>?<2!!)L)(5!'[4,*)[!<2!2H+*)L'+*4&4&*)[<5 4& ﬂ01*)(5!'(
' #"%":'()yL!$a_P+'(*2]*)V)*ﬁ($,<2!)U; ﬁ*)P"='0' £'+*!5%$,'(l/<$,'([p}+*4o$&0$&2'yﬁ*)V$&2!ﬁ'(($,(5%*)M
6"%4&5!)s4,<2!RN'B01;.z#{{
r
E}z#{  {

9
$&4:*)y*2]/$&)( #R+[pQ5($&4&$&)('*)s"%'(^ﬁ*))(5!)
!
rHJ  * 


*I  *




 < *   
>

P4,*)PH+*ﬁ*5')

 & I' ﬃ
!<2!2! 23U5!2£"!'+*$&)$,<2ﬀL4.'!'(L[ 

|v{ qM
/
c
Z
f   ;O Mf 	 OeO:fUK xf1  
T
d 1
	¨fPOgd 
	

j [)*ﬁ($&<2;; ﬁl'(*Bﬃ'BﬃH+l0; vW$&0;$&)P5!2!U><2%ﬁ($,<2@!P/^' $&)*0n%4& 2!ﬁVC35!$ﬁ<01"% #'(
9
! 2!)4,*)
)*$&¢l 2% 5W@'((ﬃ!R<2! 5W7!l4qQ 2! 4,\)
9
4&T2<0n!'(£«+/+*2*01*23()U%)'/+*)U! 2%)4&*)!<2!2H+*)
9
y4,
2<0n!'(£«+/+*2*01*23()P"!'+*%$,()s*2S><2%ﬁ($,<2ﬀ
3
 
(


M!
8*)y$&2!ﬁ'(($,(5%*)s)\^)(3+*0; #($&C35!*)P)<23@+/v 4&5+*)
*2ﬀ>Z $&)( 23y/# #'$,'P


3
ﬃ! C^5[)(<5'ﬁL'('*5'
9
"%5!$o)H*2A4,*)Uﬁ<0n%$&2! 23PC^5! ' #($&C^5*01*23M

8*)T'^+*)(5!4,( #()l*2D'011N"!'+*$&)$,<2)(( #($&)($&C^5NlpQ$&2!ﬁ'(($,(5%[)\)3+*0 #($&C^5)<23l*)($&0+*);- 
ﬁ<5'y'01LN- ;01`\*2A'01
9
"=<5'U*)P4&5!0$&2!<)($,3+*)y$&233+R'+*)l  {{;"!
>

  {1>?
>

M

rr

8*)/v 4,*5!')H5!($&4&$&)^+*)H"=<5'H4,*)$&2!ﬁ'($,(5!*))\)3+*0 #($&C^5*)s)<2]y4,*))(5!$&/v 23*)M
}+*2'(R<$,£*)8()
4+R')ﬀZ4,<5!'!)

*)(n 4&$,%'^+7 `/*75%2@$&2%ﬁ'(($,(5!!7z  . 


Ë
 qMj
; $,3+ﬂ}+($&C^5( #Rﬀ*)
()3%T*)Uﬁ<2!2^57- @¾ "!'*-*)
9
V4,£( 5WﬂL0 5/# $&)7+($&C^5( #Rﬀ-  { Ê"!'*-*)*M

8*)P$&2!ﬁ'($,(5!*)U)5'V4& @)*ﬁ($,<2A; ﬁx":<5!'P5!2[4o5!0$&2<)$,3+[$&233+R'+1  {{;"%
>

)<23P'+*)(5!0+*)
! 2%)£4,1( #%4,* 5m|3Mz^M
Q$&2!ﬁ'($,(5!x!5- ﬀ4& ﬀ0*)(5'(14&5%0$&2<)($&3+x*)n4& Sﬁ<2]'$&%5($,<2"!'B$&2!$,"% 4&

Ë
M 

M:
p*)V 5'(*)T$&2!ﬁ'(($,(5%*)
9
5!0N5!4B+*)VC^5! 'B #($&C35!*01*2]
9
$o2!!5!$&)(*2]y5!2£/# #'$& #($&<2ﬂn¾^M

 
4& 1)(*ﬁ($,<2ﬀ; ﬁM:r2©%2
9
4qﬁ_:P!*) %5!ﬁ(5! #($&<2!)U)( #($&)(($&C35!*)y*)P[z SM
 
*l|3Mz
, 
&
 * &l *ﬁ ﬂﬀ ' &    *ﬁ    ?&l   =, I5
 '    * 
 
e I
ﬂ   *B 
 *)ﬁ ﬀ
    & *
	e 0 -& *  *
	eI5
{Ij'  *Bj *ﬁ *B  1
      {{Lj%
>


^<5'ﬁ 
3
s?"!


3
>
?"%

r'('*5')s)( #($&)($oC35*) 

M
r
E 

M
r
uP'0; 4&$&)( #($,<2ﬀ!*)y><2%!) 
Ë
M
Ë
E *¾^Mz
tV !$& #($,<2%)U*)7+( #()l$&2!$,($o 4%U©2! 4 *¾^MQ{ E 

M~
ky 4&$,!' #($&<27!*)w() z

MQ{ E}z

M

OF*2]($&©% #($,<2ﬀ*)3% z~^M E}z
Ë
M
¡A*)(5'LL4& 14&5!0;$&2<)($,^+
ﬀr
M

E

|3M
r
j( 48*)P)\^)(3+*0; #($&C35!*)
Ëv
MQ{ E
Ë
z^MQ{

8*)U$&2!ﬁ'($,(5!*)s)(5'V4& x)*ﬁ($,<2ﬂ@ ﬁ["=<5'U5!2£4&5%0$&2<)($&3+£$&233+R'^+N!  {1>
>

<23P 5!))($P+3+
*)($o0 +*)Mj
8*)L/# 4,*5')£5($o4&$&)^+*)£"=<5'L4,*)n$&2!ﬁ'(($&(5!*)£)<23[4,*)L)5!$,/# 2]*)Mwk*4&4,*)L4o$B+*)@- A4& ﬀ2!'0 vE
4&$o)( #($,<2m!*)x><2!%)n)<234,*)x0ﬀ¤*01*)C^57"!'+*%+**001*23M
j 'B $&)<2"!'$&2%$,"% 4,;!7ﬁ*)101*)5'(*)x
"!'+* 5!($,<2*)14& A0+*ﬁ<2!2% $&)()( 2!ﬁﬀ*)x$&2%ﬁ'(($,(5!*)n)\)3+*0 #($&C^5*)x(ﬃH+'$&C^5*)xNﬁW^"s+'$o01*2]( 4&*)
)(5!'T4,*)l)*ﬁ($&<2!)l; ﬁ*)L*)T>?<2!!)M=w #'Lﬁ<2]'
9
! 2!)l5!2)(%+*2! #'$,S"!($o0$&)
9
4,*)l$&2!ﬁ'(($&(5!*)T)(5'
4.ﬁ_=l*)T' !$& #($,<2%)V*)A+( #()L$&2%$,($& 4l©%2! 4
9
 $&2!)($C^5N4qQ$&2!ﬁ'(($,(5%[)(5'T4& 70 )()x!5DC35! #' ﬂ"
"=*5/*23P¤'(l'+*!5!$&()"% #'s5!2>Z ﬁ*5'y*5WAZ)<$&s¾  Q$&2!ﬁ'($,(5!U)(5!'4& [01*)(5'(T 
&
 
Ã

Ł


)(5!'l4o ﬀ0 )()!5C^5! #' D"

Mp
p*)[$&2!ﬁ'(($,(5%*)TﬁW^"s+'$o01*2]( 4&*)L"=<5'(' $&*2]l 5!)()($s¤'(@!$&0$&2^5+*);- 
z Q$o2!ﬁ'(($,(5!!V)(5'y4.«+*Bﬃ*4&4,L«+*2'R<$,L*)8F()
9
z Q$&2!ﬁ'(($&(5!l)(5'y4.}+($&C^5( #R[*)j()sP¾ 
Q$o2!ﬁ'(($,(5!!T)(5!'U4,£( 5WﬂL0 5/# $&)L$o*2]($&©% #($,<2M

8*)sﬁ_:()U!lﬁ*)P$&2!ﬁ'(($,(5%*)s)<2]y'+*)5!0 +*)P! 2%)4&T( #4,* 5A|3M^M%
Q$o2!ﬁ'(($,(5!!T!5!- x4& x01*)5'(£
4&5%0$&2<)($&3+y*)(H<5v<5')4& nﬁ<2]'$&%5($,<21"%'$&2!$," 4,[.^M¾ 

M
p*) 5'(*)$&2!ﬁ'(($&(5!*)
9
5%0n5!4+*)sC^5! vE
'B #($&C35!*01*2]
9
$&2!!5%$&)*23p5!2/# #'$& #($&<2ns^Mz  H4o V)*ﬁ($&<2[; ﬁM<rH2©%2
9
4.ﬁ_:Y*) %5!ﬁ(5% #($,<2!)
)( #($o)($&C^5*)s*)P$&2!>*+'$,*5!'(£ 5ﬂ"=<5'EGﬁ*23M
 
*l|3M
, 
&
 * &l *ﬁ ﬂﬀ ' &    *ﬁ 
 
?&l   =, I5
 '    * 
 
e I
ﬂ   *B 
 *)ﬁ ﬀ
    & *
	e 0 -& *  *
	eI5
{Ij'  *Bj *ﬁ *B  1
    
 { q%
>


^<5'ﬁ 
3
s?"!


3
>
?"%

r'('*5')s)( #($&)($oC35*) #M¾ E #M¾
uP'0; 4&$&)( #($,<2ﬀ!*)y><2%!) 
Ë
M
Ë
E *¾^Mz
tV !$& #($,<2%)U*)7+( #()l$&2!$,($o 4%U©2! 4 |3M¾ E«|3M

ky 4&$,!' #($&<27!*)w() *¾^M

E *¾^M
Ë
OF*2]($&©% #($,<2ﬀ*)3%  #M¾ E  {M~
¡A*)(5'LL4& 14&5!0;$&2<)($,^+ z
r
M~ E}z~^M
j( 48*)P)\^)(3+*0; #($&C35!*)

{MQ{ E}<|3M
r
z#{{
/c«b   UQ  ;

Q 2! 4,\)T"!'^+*)*233+n n"=<5'%5sT"!'+"% #'('U4o n01*)5'(lT4o n)*ﬁ($&<2S; ﬁLl"!'(!5!ﬁ($,<2@
"% $&'(*)TC35% #' ^)"ﬀ 5"!'*-*)s!5;ﬁ<4o4&$&)($,<2%2*5'ﬃ! '<2!$&C^5U
8i£kTM2ﬂT2T)3+*4,*ﬁ($,<2S ¨+^+£0$&)(V 5@":<$o2]
*2ﬂ % #"!( 2]V4,L)( */<$&'Eq>? $&'([ C^5!$&)U 5ﬂ)(*$&2ﬀL4& 1ﬁ<4&4o #:'B #($,<2ﬂJLKNM

8*)1+/+*2*01*23()s ( H)<23'(*Bﬃ'BﬃH+*)% 2!)4,V 2! 4%4,"%<2 *xF()Hp-5;4&P4,"!<2;*)H)<$&5!2§+*4,*ﬁ'<2
)<$&T5!20N5<2M8k1 2! 4Yﬁ<0n%$&21Q5%2n" #'(£5!21)($,R<2! #(5!'(n'*4& #($,/*01*23£"!'("!'n"% #'£4& 7"!'+*)(*2!ﬁ
!5@4,"!<2 +*2'(R+($&C^5L$&)<4+
9
yQ 5'(T"% #'(s5!2;' #"!"='(Hp*0[!'B 2!ﬃ*0*2];+*4,/+;.#{ 

M!6V57
8i£k
9
5!2!£"%4&5!)s>?'(L"!'^!5%ﬁ($,<2ﬀ}+/+*2*0*2]()l
(
n?*23/$,'(<2~
"
 { L"% $,'*)y
(
U"% #'U>?
>

n<2!2+*)

T5!2
' #"%":'s)$,R<2! 4=)(5'y!'B5!$,y!$aW;>?<$&)y"4&5!)R' 2!ﬀC^5Q 5j #'(<2":'B01*2]UpQ #"!"%4&$&C^5's*)Uﬁ'$&ﬁ-'*)
"%4o5!)n)^+*4&*ﬁ($,>?)*Mr2§"%4o5!)xﬂ4& )3+*4,*ﬁ($,<2 *) +/+*2*0*2]()@*2>?<2!ﬁ($,<2ﬂ4& )($&R<2! #(5'(S'(*Bﬃ'ﬃ+
9
4.Q 2% 4,\^)(S- 76U
86ﬁ<2]($,*23£*5WA2!$&/* 5WAx)3+*4,*ﬁ($,<2)(5"!"4B+*01*2]( $&'(*)P" #'T'B #"!"='(N- S4.Q 2! 4,\)
- J£KxM8OF4&)£<23¨+3+ﬂﬃ<$o)($&)[!>? :Xﬁ<2 - '^+*!5!$,'(@4,*)[$&2%ﬁ'(($,(5!*)[)\^)(3+*0; #($&C35!*)N)5'[4.«+/# 4&5! #($,<2!5
2!$&/* 5ﬀ*)P!$,_P+'(*23()y>?<2!!)
9
P4&*)U$&2!ﬁ'(($&(5!*)s)(5'P4o 1 4&$,!' #($&<2ﬀ*)()M

Q 2! 4,\)x*)[)^+"% #'+@*2¨)*$,¢ 2% 5WDﬁW4&5!)$,>?)T*2>?<2!ﬁ($,<2¦!5}\3"=!5¦4&"!<2
9
4& S0N5!4,($aE
"%4o$&$,3+L( 4,N*2x()Pl[4o ;0N5!4,($,"%4o$&$,3+l*21()ﬀ+($&C^5^+*) %M=kN'+"% #'(($&($,<2A)'B ;5($&4&L*2ﬂ/5
4q}+/# 4&5! #($&<2 !5m2!$,/* 5¨*)[><2%!)L0N5!4,($ ()
9
5 *¨F()
9
@ *¨F()n)(5'[4,*)[<2!2+*)n'^+*4&4,*)
9
)*4,<2
4.ﬁW"s+'$,*2%ﬁ;;4& ﬀﬁ<4o4& #=' #($,<2¨JLKNM
8 ﬀ"!'":'($,<2¦}+/+*2*0*2]()1@)($,R<2! 4wN>?<2!!)£*)n*)FE
($&0+n£0 2!$.-'(L$&2%H+":*2%! 2]L% 2!)yﬃ! 5%2ﬂ£ﬁ*)P 2! 5W:M!
j 101*)(5'(L!l4o 1)*ﬁ($,<2ﬀ; ﬁ[*)
ﬁ_=*ﬁ(5H+P"% #'4o T0; vW$&0;$&)( #($,<2xQ5!2!>?<2!ﬁ($,<21!/^' $&)(*0[%4o 2!ﬁyC35!$ﬁ<0n%$&2y4,*)w'+*)5!4,( #()!*)Y)*$,¢
)^+*4,*ﬁ($&<2!)M8k1>?<2!ﬁ($,<2N/3' $o)*0[4& 2!ﬁN":'B01T 5%)()($wN*2!$,'£ﬁ<01"!1x0 2!$.-'(12! #(5!'(*4&4,
*)T$&2!ﬁ'($,(5!*)V)\^)(3+*0; #($&C35!*)ll!n4,*5'B)Vﬁ'('+*4o #($,<2!)l! 2!)T4,*)T!$a_P+'*2]()£ 2! 5W)(5'T4& @)(*ﬁ($,<2
; ﬁN01*)(5'+M

8l'^+*)(5!4,( #U£ﬁ[ 2% 4,\^)(lﬁ<2%!5!$,s 5W7$o2!ﬁ'(($,(5!!*))(( #($&)($&C^5*)U)\)3+*0 #($&C^5*)U)(5!$&/v 23*)
)(5!'
3
?
(

 "

3
z
3 5
z ﬀZ)( #


| ~ ﬀZ)\)

":<5!'U
5
 {{"!
>



3
z
3"5
{z ﬀZ)( #



~ ﬀZ)\)

"=<5'U
5
 {1>?
>

"=<5'5%2P4&5!0;$&2<)($,^+P$o2]^+R'+£  {n>?
>

M^6V57
8i£k
9
4& L01*)(5!'(PT4& [)*ﬁ($&<2;; ﬁlV"!'(!5!ﬁ($,<2
N"% $,'*)T!xC^5! #' )l"¨)' S<2%N4o$&0$,^+x'-*)£' #"%$o*01*23V"% #'L4o @ﬁ<2!2% $&)()( 2!ﬁ1!5+*ﬁ*5'n
*)!'B5!$,()V>?<2!M<5'y'+*!5!$&'(Tﬁ*)y$o2!ﬁ'(($,(5!!*)H)\)^+*0 #($&C^5*)
9
5%2T #"%"!'(ﬃ£ﬁ<2!)($o)1- 15!($&4&$&)'
*)HRj+*2H+' #*5')U'^+* 4&$&)*)
9
[- n 0+*4o$,'('s4& n!*)(ﬁ'$,"!($&<2!57H+*ﬁ*5'*M!
Q 5!'(T #"%"!'(ﬃTﬁ<2!)($&)- 
5($o4&$&)'8%$,'(*ﬁ*01*234&*)!<2!2H+*)":<5!'01*)5'('w4,*)8"='(>?'0 2%ﬁ*)!*)j 4,R'B$,(ﬃ!01*)wH'(*ﬁ<2!)'5%ﬁ($,<2
PpQ$&*23($,©% #($,<2ﬀ*)UF()*M
p*)P! 2R')VLﬁN)(*ﬁ<2![ #"!"%'(^BﬃL)<23V 4,'B)U4,*)y%$o $&)yC35![4,*)
<2%2H+*)y"=*5/*2]V$&2]'^!5%$,'(l! 2!)y4,*)U 2% 4,\^)(*)M

j )*ﬁ($,<2§; ﬁﬂS"!'^!5%ﬁ($,<2 !SC^5! #' )N""% #'1$&23' ﬁ($,<2§>?'(ﬀ*)1$&233+'*)()( 23A2<2
)*5%4,*01*23£":<5!'L*)'x4& 
!
ksJÊN4,)*ﬁ*5'¨+*4,*ﬁ'(>Z $,%4,
9
0 $&)£*4&4&1*)¦+R< 4,*01*23x)*2!)($,4,A- ﬂ4& 
2<5!/*4&4,l"%ﬃ3\^)($oC35@- ' */')T4.Q <5PL2!<5/* 5Wﬂ!$& #R' 0;01*)UL"%'(^%5!ﬁ($,<2ﬀ!5!)[- @*)U2<5!/*4&4,*)
"% #'($&5!4,*)
9
<5- S4.<5!/'((5'(xx2<5/* 5W 2% 5WxH+*)($&233+R' #($,<2¨!5DC^5! #' ﬂ"pMw #'lﬁW^*0"%4,
9
z#{ 
4.ﬁW$&)*2%ﬁTV=<)<2!)TiT$,RR<)sﬃ% #'(Rj+*)U! 2!)s4,T '(£V0^-*4,*)s)( 2%! #'S2<270$&2!$&0; 5Wﬂ- x*5W
<5!%4,()yLiT$,RR<)y"=<5'('B $,*2]y01!$,©%'U£>? :Xﬁ<2A/^$o)($,%4,l4& 1)*ﬁ($&<2ﬀ; ﬁ[ ( V01*)(5'+M
z#{<z
    		
 

       ! ' !       ! 


		    	 
 ﬀﬁ 1ﬃﬂ !ﬂ"#ﬂﬁ%$ﬀﬂﬁ#&$ﬀﬂ
')(+*
-,
(
/.10
*2*
@43
(5*6
874390(2, ;:3=<>3@?A,
*
1
(
.1BC,&
(46
;=
*

(5*
!EDF,HGIG
*J6K
3902G&.
*1L
740M.*5, 
*
53
(4*
<,
*
?1N:O<,
*J*
23
(
5390
(

(
?A,
(
,H?E3IPCQR:3ﬂOPSQTP!4<,
*
EDU,VGIG
*1WYX

*
?1N:O<,
*J*

(
[Z.
6
0[, 
*
53
(4*
<H3!7\390(2, [
K
.I0[,H]/P!
W\^
3@
.
*
,
(
/.1GI03#2, 
(
-P
(
]/P5390_ﬀI7
(
=
*

(5*
!JDF,HGIG
*F6[K
3902G&.
*
750(5P5, 
P
(
.23#a`
(
3I<5,cbd.10
(
T
6
O<HP5,%3#
(
5PD53
(5*
<,
6
3S0([5Pfeﬂ#:O<,!g^23
(
5390
W5h
QC7Z.10,H?1
(
23I<,O?1
(

L
<,
(
T?n50(ﬂpi.1Bﬁ.
(
O?1
(

*

(
E3#
(
5P
*
53
(5*
<,
6
3
(
3I<Ejk<,17!
(
* 
*2l
B9390, ﬀ
(nm

(56
2, 
(
!
*!6
TPCo
74<>39G
*

*
=
*

(5*
ﬀDF,HGIG
*U6[K
3902Gp.
*
3IPCQ;74390(2,
6
P5<&
*
5PqeA^#:O<,Ag^23
(
4390
WNr
,
(4*
,8OPSQﬂsb:
*
B
(

*
-3TP10ut%TPT-3#=I0v<>35,
*
7\390, 2, 
(
w.1Bﬁ.
(
O?1
(

*
)( V53
(4*
<,
6
3
(
3I<djk<,17%
(
*A
*2lCL
V
(4*
P5, 
<.-397474390, 2, 
(
w.1Bﬁ.
(
O?1
(

*

(
53
(4*
P
(
3IPk0(
6
3
(
3I<
L

(56@(

(n*
.O<,
6
2,&
(5(
.=74390E<q-3
(
3I<Vx
*

WyX

*
sb=
*J*

(
L-3IP23
(
74<>P
*
GI03
(

*
]MPA<H3
*

6
2, 
(
1z
6
3
6
7!750(5P
6
2, 
(

(

(

(
eﬂN:O<,8g^23
(
5390

*
{,>?!7=I0(23
(

W
X

*y6
TPS74<>39G
*1L

(56
<H3
*

6
2, 
(
1z
6
3
6
TZ<H3
6
,
(
.O?E3#2,H]/P!Pd<.w.23#|`
(
3I<
L

.17:
(

(
HVOPSQ
74390[3I?}:k0(
*
tM<&F039747:I0H
*
B93I<,OPS0
*

*|6K
3I?A7
*

*
OPCQ@TP!4<,
*
UDU,VGIG
*
53
(5*
<,UBM,ou~?23
(dp[L
a<H3E?E3
*2*
x
*
=
*

(4*
ﬀDU,VGIG
*F6[K
3902Gp.
*
~vZ
[WN^
w.2P!!37
(56
./.!0C.O3I<>,
*
.x
(;m

(56
2, 
(

6

*
OPSQ743903I?@:k0(
*1W
23
({
B390,&@
(
k0(@
W
 1If7=TPS0x
*
B3I<&OPS01ﬃ


6
T?!750,
*

*

(
k0(=Ł9D
OŁ9!T1
WCX

*
74<>39G
*
UB93I<,OPS0
*
0(
*
7=
6

(
<,
*Z6

(
k03I,
(

*

K
.I0[,H]/P!
*
|<,
*
<H,H?A,&
*
sQS,
*
23
(

*1W
TPS0
6K
3I]MP)7=T,
(
s!<.
*
743
6
L
*
743903I?@:k0(
*1L
,H<
m
3IP!
6
3I<
6
P5<,10{<,
(
T?[50T23I<ji.1Bﬁ.
(
O?
(

*

*
,VG
(
3I<] wY50P5, 
*

m

(

L
<,
6
T?!74390(10d:3
6
O<HP5,M3#
(
5Px53
(4*
<,
6
3S0(y5PﬀeA^#:O<,dg^23
(
5390
P
(
,H]/P!O?1
(

W\^
3AB93I<,OPS0Tﬀ<H3
*

6
2, 
(
1z
6
3
6
x

a?1
*
PS0C.u7=10?1U3I<,I0
*

6

(
k03I,
(
50(J<,
*
B3I<&OPS0
*

K
.I0,>]/P
*
£23
({
d


W
 ﬂﬁ#2F!ﬂﬁ!U!¡ ﬂﬁﬂﬁ£¢N[¤2ﬀ ﬂﬁﬂﬁ
^

*
.1Bﬁ.
(
O?
(

*
 Y
(
ﬀ./.dG&.
(
.10M.
*
3OB
6U¥J¦%§\¨J©Sª«
O¬9­
L

(
,
(56
<>P53
(
<,
*6
TP574<H39G
*

*
:
*

(5*

DU,VGIG
*Z6K
3902Gp.
*
3®B
6
<&
*
74390(2,
6
P5<,
*
5P8eﬂ#:O<,g^23
(
5390B
WMX

*
ZP
(
Gp.
(
.103#OP50 ntM<,
*Z*

6
2, 
(5*
1z!o
6
3
6

*|*

(
y0(
(
I0?A3I<H,
*
.
*Z*
PS0Z<H3
*

6
2, 
(
1z
6
3
6
V s5PﬃeAN:O<,ag^23
(
5390
m
TPS0
(
, {74390|¯U°±ﬀ²%³
¦´«
ŁIŁ9­
W
h
23
(
!
(5(
.d<H3
*
23#2,
*
2,H]MP{,H?!7=I0(23
(
:3)750^5P4,V0(Z7:TP50
6
=.2P!F743903I?µ.k0,>]/P
L
<,
*
.1Bﬁ.
(
O?1
(

*
*

(
+0(
6

(5*
k0P5, 
*
74390¶5·N³¹¸O¶&ºO·
«
ŁI»9­
W^

*
1z
6
3
6
,&/.
*
R0(
6

(5*
k0[P
6
2, 
(
m-,o
(
2,H`
6
3#2, 
(

*

T¼
.O<,
6
k0(
(4*1L

*
?uP
(5*OL

*
23IP
*
1
*

*ﬀ*

(
n
(5*
P5, 
(
I0?A3I<H,
*
.
*u*
PS0
6
O<H<,
*
!
(
P
*ﬀ*
PS0ﬀ<,
*
.1Bﬁ.
(
O?1
(

*
 {Gp.
(
.10C.
*
74390U¯U°±ﬀ²%³
¦
F,
*2*
P
*
<H3ﬀ0(
6

(5*
k0[P
6
2, 
(=6
T?!7\< :
W
   ﬁk! ﬂ !ﬂ"ﬀ ﬂ
¤2ﬂﬁp#2F!ﬂﬁ  ﬂ ﬂyﬀﬂ	 ﬂyU


^

*J*
,HG
(
3#2PS0(
*

*
.1Bﬁ.
(
O?1
(

*
  N53
(5*
P
(
?1N:O<,q:3OPCQ¨TP\<,
*
EDU,VGIG
*

.17=
(

(
[
23
(
vZ
Wyh
<><,
*!*

(
;
.
6
0, 
*
53
(5*
<&
6K
3974,&k0(ﬀ
K
.I0, 
WZ^

*
1z
6
3
6
, /.
*
!@750M.
*
.O<,
6
2, 
(#L

*
.O<,
6
2,&
(
4P
*
,VG
(
3I< Va<,
*
1z
6
3
6
, M.
*
5P
6
0, s:10(x
*
.O<,
6
2,&
(
I7=T<,IGT,>]/P
*

(
d750C.
*

(
/.
**
PS0U<H3
`5GTP50(
W
¼
W9W
)2 (GeV/c±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
0
0.01
0.02
0.03
0.04
0.05
0.06
(selection)ε
)2 (GeV/c±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
0.4
0.45
0.5
0.55
0.6
0.65
(vraisemblance)ε
	
W
¼
Wﬁﬀﬃﬂ "!$#&%('*),+-)/.0%1!"%24365)879);:<5)=>)1%3?2?@$AB79)C:D5)CEF5)CA)CG,)CA*3?:HIH8A@JALKﬁ@M7FN)=>)O*3P!$AQ7"!$RS7"TFﬂU7$R@$2/3V)CWX)/.Y%1!"%2/365)87$#
%RC243"N)CR1)79)EMRS!$24:Z)CG8[Z=\!$A%()	:1#]R	79)C:5)CEF5)CA)CG,)CA*3?:^HIH	A@JA_KL@M7`N)=>)O&3P!$A7"!JRS7$Wa7"!$A*:b=>)dc=\!$Ae/H(fJg^hjiSkmlonFpMT
^Xq
74<H3
(
~sr23
(dt
vZ

7
q
Purwv
q
rk0
qLx
.
qO6"y
PS7|.
qzqO(
rk0
y
,
*
0M.
q
GT,
yT(5*1W
{

y
P50
xuqO*
B3I<
q
PS0
*,xuq
r23
({}|~9L
<
qO*ayT*MyT(5*,n*Mqzx
.
qO*
,
(
rs:
q
GI0
qO(
r)?A3&
y
0,?r23I,V0
q
?
qO(
r
qO(
<
q
7Fr
yT(5*

F*Ł
W#^dqO*a6
3
(
3IPCQj


q
r
*lYq
r@j
x
,><
q
7Fr
yT(5*2lﬃ*MyT(
r
m
3OB
y
0[,
*
.
qO*
3IP
x
.
q
rk0,H?
qO(
r
xuqO*a6
3
(
3IPCQ
jk<
q
7Fr
yT(


q
r
*2lq
r+jZr
y
Pur
K
3
x
0
yT(
,H]MP
qOlCWY^
3q?uP5<?r2,V74<>,
6
,?r/.
qDqO(

q
r
*!*
.
q
<
qO6
r2,
yT(5(
.
qO*qO*
r´.
q
GT3I<
q
?
qO(
r
74<HP
*
m
3I,

<
qIWC^
3
*
.
q
<
qO6
r2,
yT(
r
y
7
y
<
y
GT,H]/P
qwxFqa6"qO*
.
q
Bﬁ.
qO(uq
?
qO(
r
*xFyT(5(uq_xuqO*
7
q
0
msy
0?A3
(56"qO*|*
,H?E,H<H3I,V0
qO*
:3
6"q
<H<
qO*zxFqO*ﬁ
0P5,?r
*ﬁxuqﬃmsyT(FxU
]Z
q
r1$s<1	 JB
y
,
q
r
WY^¡¢q
z
6
3
6
,?rM.
qﬃxFq8*
.
q
<
qO6
r2,
yT(xuqO*
.
q
Bﬁ.
qO(uq
?
qO(
r
*
r

r|3OB
qO6
3IPﬃ?
y
,
(5*
P
(DayT*MyT(Yxuq
DU,VGIG
*|6K
390G&.
q
~ 3IPurk0
q
?
qO(
r
x
,?ruj
(uyT(
e
y£x
:
q
<
q
g¤r23
(
o
x
390
x5l¹-qO*
r
x^¡¢qO(
BM,H0
yT(MWo¥8L*My
,?rp]/P53Qrk0
qymsy
,
*
?
y
,
(5*
]MP
q
6"q
<H<
q	xuqO*
.
q
Bﬁ.
qO(uq
?
qO(
r
*
r r
x
3
(4*
<
q
e
y£x
:
q
<
q
g¤r23
(Fx
390
xW
{

y
P50
xuqO*
B93I<
q
PS0
*Bxuq
r23
(d§¦¨©q
r


¦¨"ª
´
q


L
<
qO*ayT*MyT(5*Bxuq
DU,VGIG
*ﬃ6K
3902Gp.
qO*8*Mq
x
.
qO*
,
(
rs:
q
GI0
qO(
rf?A3&
y
0[,?r23I,V0
q
?
qO(
r
qO(
]MP53902_
*



W{^
3 ?uP5<?r2,V7\<H,
6
,?rM.
q«qO(
<
q
7Fr
yT(5*ﬃxuqO*
.
q
Bﬁ.
qO(Fq
?
qO(
r
*
r rdr
y
P
*p6
3
(
3IPCQ
6"yT(SmsyT(Fx
P
*x
,H?A,
(
P
qIL16"q
]MP5,
*¬q
rk03
x
P5,r#74390&P
(
74<HP
*#m
3I,

<
qY(Fy
?

0
q	x^¡
.
q
Bﬁ.
qO(uq
?
qO(
r
*
x
3
(5*
<
q
6
3
(
3I<Yjk<
q
7Fr
yT(


q
r
*2lCW
Y390
6"yT(
rk0
qIL
<H3F?P5<r2,V74<H,
6
,r/.
q	qO(

q
r
*Y*
.
q
<
qO6
r2,
yT(5(
.
qO*bqO*
rp74<HP
*
GI03
(FxFq
t
¼
W
¼
qO(
?
y
x
qO(5(uq|6"yT(
rk0
q{MW
I»
x
3
(5*
<
qZ6
3
x
0
q8x
PJ?
y£x
:
q
<
q
g¤r23
(Fx
390
x#W®^dq|6
0,?r1:
q
0
q8xuq
B/0[3I,
*Mq
?

<H3
(56"q
*
.
q
<
qO6
r2,
yT(5(uq
?A,
q
PCQ ~
qO(
rk0
q
Ł9
q
r!ŁI»
¥AJ6"qO*
.
q
Bﬁ.
qO(uq
?
qO(
r
*A6
390!<
qO*
750
y
750,.
q
r/.
qO*ﬀ6
,
(
.
q
?A3Qr2,H]MP
qO*zxuqO*

q
r
*
,
**
P
*wx
P
ayT*MyT(­

y
P


*MyT(
r
*Mq
?

<H3

<
qO*1W#^¡¢q
z
6
3
6
,?rM.
q
r
y
r23I<
qDxuq!*
.
q
<
qO6
r2,
yT(­xFq
7\3I,V0
qO*
r

r
(uyT(
e
y¤x
:
q
<
q
g¤r23
(Fx
390
x©qO*
r
xuq
<
¡¢y
0
x
0
q_xuq6¥8W


ª
{hy(
`
(L
7
y
PS0
xuqO*
B93I<
q
PS0
*ﬁxuq
r23
(d¦ Dq
rzv

| "ª
+
q
)s8<
q
?
y£xuq0xuqYx
.
qO*
,
(
rM.
q
GI03Qr2,
yT(
«  
 qO*
r
xuy
?A,
(
3
(
rAt&<H3@?P4<?r2,V74<H,
6
,?r/.
qzqO(
74390¬r
yT(5*ﬁxuq
<
¡
.
q
r23Qru`
(
3I<
qO*
r74<HP
*
GI0[3
(FxuqIL
3®B
qO6
(uy
r23I?A?
qO(
rd]MP53Qrk0
q
]MP53902_
*  WF(
.
q
r23QrF`
(
3I<ar r{3OB
qO6
P
(
]MP53902_Yr
y
7
*Mq6"y
PS7\<H3
(
r{3IP
-yT*¬yT( 
7
y
P50203I,?rv
q
rk0
q 


~
 
 
~
 
 

~
&


 
~
6
 [W5^	¡¢q
z
6
3
6
,?r/.
qﬁxuq)*
.
q
<
qO6
r2,
yT( xuqO*
.
q
Bﬁ.
qO(Fq
?
qO(
r
*
r rd3OB
qO6
3IP=?
y
,
(5*
P
(ayT*MyT(xuq
DU,VGIG
*{6[K
3902G&.
qﬁqO*
rd<H3ﬀ74<HP
*
.
q
<
q
Bﬁ.
q9qIL\*¬y
,?rF¼
¥§qO(
BM,H0
yT(#W

y
PS0
6[K
3
6
P
(uq_xuqO*
rk0
y
,
*
0C.
q
GT,
yT(5* x
.
q
`
(
,
qO*Z6
,co
xuqO*2*
P
*1L
<
qO*
`5GTP50
qO*

W
¼
W
?
yT(
rk0
qO(
rP
(uqU6"y
?!743903I,
*MyT(
x
P
(Fy
?

0
qx^¡
.
q
Bﬁ.
qO(uq
?
qO(
r
*
3QrMr
qO(Fx
P
*
3OB
qO6q
r
*
3
(5*8ayT*MyT(5*,xFq
DF,VGIG
*d6K
3902Gp.
qO*1WN^
3
x
,cbd.
q
0
qO(46"qqO(
rk0
q
<
qO*
(uy
?

0
qO*;x^¡
.
q
Bﬁ.
qO(uq
?
qO(
r
*
3QrMr
qO(Fx
P
*	x
3
(4*
<
qd6
3
x
0
qx
Pﬃe
y£x
:
q
<
q
g£r23
(Fx
390
xDq
r
<
q
?
y¤x
:
q
<
q
:3
xuq
PCQ
xuy
P

<
q
r
*
xuq
DF,HGIG
*qO*
r
(Fq
rMr
q
?
qO(
raBC,
*
,

<
qIW'a( y4*Mq
02B
q
.
q
GT3I<
q
?
qO(
rP
(«x
.
qO6
3I<H39G
qBqO(
?P4<?r2,V74<H,
6
,?r/.
qLxuq

q
r
* qO(
rk0
q
<
qO* xFq
PCQ}?
y¤x
:
q
<
qO*OW
jet multiplicity
1 2 3 4 5 6
1-
ta
g 
ev
en
ts
0
100
200
300
400
500 Total MS
±
 H→ tt
 l+jets→ tt
+jetsτ → tt
 ll’→ tt
 jets→ tt
tqb
tW
tb
 ee→Z 
µµ →Z 
ττ →Z 
W+jets
jet multiplicity
1 2 3 4 5 6
1-
ta
g 
ev
en
ts
0
100
200
300
400
500 Total MS
±
 H→ tt
 l+jets→ tt
+jetsτ → tt
 ll’→ tt
 jets→ tt
tqb
tW
tb
 ee→Z 
µµ →Z 
ττ →Z 
W+jets
jet multiplicity
1 2 3 4 5 6
1-
ta
g 
ev
en
ts
0
100
200
300
400
500 Total MS
±
 H→ tt
 l+jets→ tt
+jetsτ → tt
 ll’→ tt
 jets→ tt
tqb
tW
tb
 ee→Z 
µµ →Z 
ττ →Z 
W+jets
	d
W
¼
Wﬀ@$G [RS)87
	5)CEF5)CA)CG,)CA*3?:CI;!$3?3V)CAQ7$#]:8!(cQRoN)C::<5)=>)S%3?2@$AB)C3X!"!JA*3)"!"%3V)CG )CA*3X#6A¬)C3_5)C3?2#Q)C3]5)JW<c6@$#]R	#]Ao)
= #]G2/AQ@$:12/365)2/A&365)S$R¤5)M);79)bco[ﬁﬀﬃﬂ c6@$#]R3?RS@$24:^c6@$2/A*3?:	7")	=	 )C:c6!"%()79)C:^c6!JRS!$GDN)C3?R1)C:T £)A@$G8[R1)7
	5)CE`5)CAo)CG,)CA&3?:dHSIH 7"!$A&:=>)
%1!"7$R1)^7$#bKﬁ@M7FN)=>)jO*3P!$AQ7"!$RS7	)C:13oR1)VcQR¤5)C:)CA*3]5)X!Cc"c6!$R!"!
#
3;5)S"!=>)CG,)CA&3VT]ﬂD"!J#*%('&)CW=>)a%('&@$2$b7")^e/H(fJgah&%(')]i+*-,
n
%/.)10243654798Zp
:
!$EJ@$R(2/:)ﬁ=>)C:L7-5)C:12/A&365)S$RS!$3?2?@$A*:<;
>=@?BAC
T ﬂX# %()CA&3?R1)CW =\!R¤5)S$2@JA«e/H(fJgdhD%E)GF H]iI*
,
n>%E.)J023K547L8p
:
!$EJ@$R(2/:)ﬁ=>)C:
7a5)C:12/A*3]5)S$R!$3?2@$A&:M;

=
7LN]Tdﬂ 7JRS@$2/3V)CW	=\!zR¤5)S$2@$Ae/H(fJg^hO%P)GF '6i+*
,
nQ%SRLT)U024365V7
8
p
:
!JEJ@$RC24:Z)w=>)C: 7a5)C:12/A*3]5)S$R!$3?2@$A&:
;
W=
IXY9T
+Z  {ﬀﬂﬁ£!ﬂ"ﬂyﬀN4[![¤! ﬂ

y
PS0
6[K
3I]/P
q
7
y
,
(
rA.
q
r2P
x
,.
qxuq
<
¡¢qO*
7\3
6"qwxFqO*
743903I?@:
q
rk0
qO* yT(@6
3I<
6
P5<
qIL
74390<H3ﬀ?´.
q
r
Kuy£xuqxuq
B/03I,
*Mq
?ﬀo

<>3
(56"qDx
.
qO6
0,?r
q©x
3
(5*
<
¡
3
(
3I<Hx
*MqIL
<H3
*MqO6
r2,
yT( q
z
6
3
6"q
]MP5,
xFyT(5(uq
<
q
?
q
,H<H<
q
PS0J3
616"y
0
x qO(
rk0
q
<
qE(uy
?

0
q
xuqwxuyT(5(
.
q9qO*,y4*Mq
02Bﬁ.
q9qO*,q
r|750C.
q]x
,?r
qO* xFqUm
3K\
6"yT(
GT<
y
3I<
q x
3
(5*
<
qO*|*Mq
,]
q)6
3
(
3IPCQ
x^¡
3
(
3I<Hx
*MqIW4Xq
rMr
q*¬qO6
r2,
yT(
q
z
6
3
6"qIL
?
yT(
rk0C.
q9q
,
6
,
*
PS0a<H3ﬃ`5GTPS0
q

W¢ªSW
¼
x
3
(5*
<
q
7\<H3
(
~sr23
(dﬁL




7
q
Purﬁv
q
rk0
q
rk0O:
qO*Lx
,cbd.
q
0
qO(
r
qIW
Y390
q
Q
q
?!74<
q
7
y
PS0 v

| O
_^
a`b
s
q
rmr23
(dcfeyT( qO*
r2,H?
q
P
(uq*MqO6
r2,
yT(ﬃq
z
6
3
6"q
r

rF750
yC6KuqxFq6"q
<H<
q
750C.
q]x
,?r
q
74390Z<
q
e
y¤x
:
q
<
q
g¤r23
(Fx
390
x#WThy(
0
q
B3
(46KuqIL
7
y
P50y<
qO*
B93I<
q
PS0
*
r23
( ¦  y
PDr23
({ |
¼9
L
<H3)B93I<
q
PS0
?
qO*
PS0M.
q9qLxuqhg
~




7
q
PFrwv
q
rk0
q
rk0O:
qO*{m
3I,

<
qIL£xFq
<
¡¢y
0
x
0
qxFq
IA7
W
^XqO*Lx
.
q
BC,H3Qr2,
yT(5*zxuqE6"qO*
?
qO*
PS0
qO*
7\390J039757
y
0¬rﬃ:3;<H3=B93I<
q
PS0;j2e
y£x
:
q
<
q
g¤r23
(Fx
390
x4l=*MyT(
r
6"y
?!74390C.
q9qO*
3IPCQ=,
(46"q
0¬r2,?r2P
xuqO*mx^¡¢y
0,VGT,
(Fq
74PS0
q
?
qO(
r
*
r23Qr2,
*
r2,H]MP
qO*y
P=74PS0
q
?
qO(
r
*
x
*
r/.
q
?A3Qr2,H]MP
qO*F*
PS0F<H3E`5GTPS0
q

W¢ªSW¢ªSW
XqO*
0C.
qO*
P5<r23Qr
*
?
yT(
rk0
qO(
r)P
(uqmVy
0¬r
qﬀ*MqO(5*
,

,H<H,r/.
qxFq
<H3ﬃ?
qO*
PS0
qﬁxuqWg
~



d*
PS0F<>3A750C.
qO*MqO(46"qxFqLayT*MyT(5* xuq
DU,VGIG
*U6K
3902Gp.
qO*1W#h
(ﬃq
b
q
r
L
<>3
*MqO(5*
,

,H<H,r/.
q*
r23Qr2,
*
r2,H]MP
q
7
q
0?
q
r
x^¡¢q
Q
6
<HPS0
qIL-x
:
qO*z
Iﬃ7
jijkmxFqO*
B93I<
q
PS0
*xuq

T»
)2 (GeV/c±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
0
100
200
300
400
500
600
700
800
) mesureet(tσ
s;	
W¢ªSW
¼
ﬀ}Oo)S%3?2@JA )/.0%1!"%() `e CIp,G )C:1#6R¤5)M)_)CA
:
@$AQ%3?2@$A79)YH(f$g^h )C3h* ,
n T	!JA*:ﬃ=>)«%1!"7$RS)­7J#
Kﬁ@M7FN)=>)0O&3P!$A7"!JRS7$Wﬁ@$A}:G	 !J3?3V)CA7 N!«#]Ao)0EJ!=>)C#]R79)

bco[¬T
)2 (GeV/c±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0
Significance statistique
)2 (GeV/c±Hm
60 80 100 120 140 160
 
(lo
g.)
β
ta
n 
-110
1
10
210
-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0
Significance systematique
	-
W¢ªSW¢ªzﬀ5)CEM2!$3?2@JA*:)CA A@$G8[R1)79) Y79)=\!:)1%3?2?@$Aﬁ)/.0%1!"%()6CIbG )C:(#]R¤5)M)	7!$A*: =>)acQ=\!$A\H(f$g^h`i*
,
n
	
c6!JRbRS!Ccc6@$RC3
N!ﬁ%()=/=>)m7$#ﬁKﬁ@M7FN)=>)mO*3P!$AQ7"!$R7B)CA3V)CA!$A&3	%(@JG cQ3V) 7")C: 2/A%()CR(3?2/3?#&79)C:cQ#]R1)CG,)CA&3b:13P!$3?2/:13?2 #*)C:	c6@$#]R %>RL))a
ﬀ
ﬂ
6N!
"!$#&%('*)
	
W^)C3<cQ#]R1)CG )CA*3a:+J:(3]5)CG8!$3?2 #*)C:?'6@$RC: 2/A%()CR(3?2/3?#&79)C::(#]R=\! = #]G2/AQ@$:12/365))C3j:1#6R=\!8:)S%3?2@$A)/.0%1!"%() `e 
I
pb34'5)Z@$R(2 #*)
	
6N!7$R@$2/3V)
	
T

TŁ
r23
(
,
(Sm
.
q
0,
q
PS0
qO*
:3
y
P
*
P57Z.
q
0,
q
PS0
qO*
:3

a7
y
PS0
xFqO*Ym
3I,

<
qO*
?E3
*2*MqO*bxuq8ayT*MyT(5*b  WIr
7\<HP
*
<
yT(
Gwr
q
0?
q
~ 
 
	 
ijk [L
,H<
qO*
rd7
yT*2*
,

<
q xd¡
v
q
rk0
q*MqO(5*
,

<
qIL
:3!74<HP
* xuq
»
g
kL
:3
xuqO*
B93I<
q
PS0
*mxuq
<
¡¢qO*
743
6"qﬁxuqO*
74390[3I?}:
q
rk0
qO*
r
q
<H<
qO*
]/P
q
v

¦ 
Ł9J^
a`b
 
W
h
(
r
qO(
3
(
r
6"y
?!7`r
q,xuqO*
,
(56"q
0¬r2,?r2P
xuqO*&*
x
*
rM.
q
?A3Qr2,>]/P
qO*OLTKuy
0
*
<HP5?A,
(uyT*
,?rM.
qIL
<
qO*bxuy
?A3I,
(uqO*bxuq|*MqO(5*
,

,H<H,r/.
q
*MyT(
r
6"yT(4*
,
x
.
q
03

<
q
?
qO(
ry0M.
q]x
P5,?r
*1W/r
B
qO6
P
(uq
,
(56"q
0¬r2,?r2P
xFq{*
x
*
r/.
q
?E3Qr2,H]/P
q
GT<
y
3I<
qmxuq
»
W¢ª<¥ *
P50y<H3J?
qO*
PS0
q
xuq g
~


 [L
,H<
qO*
r@7
yT*2*
,

<
q«x^¡
v
q
rk0
q´*MqO(5*
,

<
q
:3
xFqO*
B3I<
q
P50
*x
P743903I?@:
q
rk0
q
r23
({
,
(5m
.
q
0,
q
P50
qO*
:3
 y
P
*
P57Z.
q
0,
q
PS0
qO*
:3


W
 Fﬀﬁ¤[¢ﬀF
^	¡
3
(
3I<Vx
*Mq
750C.
qO*¬qO(
rM.
q9q
3A7
y
PS0

Pur
x^¡
.
q
r2P
x
,
q
0F<H3
*MqO(5*
,

,H<H,?rM.
qxuq
<>3E?
qO*
P50
qLxuq&g
~


 *
PS0U<
q
750C.
qO*¬qO(56"q
xuq0ayT*MyT(5*zxuq
DF,VGIG
*!6[K
3902Gp.
qO*
39757\3903I,
*2*
3
(
r
x
3
(5*xuqO*
r
K
.
q9y
0,
qO*
:3f74<HP
*
,
q
PS0
*Lxuy
P

<
q
r
*zxuq
DF,HGIG
*1W^
3
x
.
qO*
,
(
rM.
q
GI03Qr2,
yT(x^¡
P
(
]/P43902_©r
y
7
qO(ﬃ-yT*¬yT(ﬃxuq
DU,VGIG
*U6K
390G&.
q
750
y£x
P5,r|P
(
.
q
r23Qra`
(
3I<
x
,Vbd.
q
0
qO(
r
xuq6"q
<HP5,
3QrMr
qO(Fx
P
x
3
(5*
<
qJ6
3
x
0
qﬁx
Pve
y£x
:
q
<
q
g¤r23
(`x
390
x#W4^XqJ(uy
?

0
qzx^¡
.
q
Bﬁ.
qO(uq
?
qO(
r
*
r rF3QrMr
qO(`x
P
*mx
3
(5*
<
q6
3
(
3I<
jk<
q
7`r
yT( 

q
r
*2l
B9390,
q*Mq
<
yT(
<
qO*d6"y
PS74<>39G
qO*xuqO*mayT*MyT(5*mxFq
DF,HGIG
*F6[K
3902G&.
qO*
3IPCQ=74390¬r2,
6
P4<
qO*,x
Pve
y£x
:
q
<
q
g¤r23
(`x
390
x#WSr
,
(5*
,
yT(v*]¡
3QrMr
qO(Fx
:3!P
(Fqx
,H?A,
(
Pur2,
yT(0x
P
(Fy
?

0
qx^¡
.
q
Bﬁ.
qO(uq
?
qO(
r
* y4*Mq
02Bﬁ.
qO*1W
^	¡
3
(
3I<Vx
*Mq qO*
r
q
b
qO6
r2PZ.
q9qJ*Mq
<
yT(
<
qO*8xuq
PSQ
xuq
GI0M.
qO* xuq
<H,
aq
0¬r/.
qxuqa6"qa(uy
PSB
q
3IP
6
3
x
0
q
r
K
.
q9y
0,H]MP
q
t<r23
(d
q
rv

W\^
3
*
.
q
<
qO6
r2,
yT(ﬃqO*
rF,
xuqO(
r2,H]MP
q
:3
6"q
<H<
q
.
q
<H3
ay
0M.
q9q
7
y
PS0d<>3A?
qO*
PS0
qLxuq&g
~



,x
.
qO6
0,?r
q
3IPS743903®B3
(
r
W

y
PS0
6[K
3I]MP
q
7
y
,
(
r
xFq
<
¡¢qO*
743
6"q,xFqO*
743903I?@:
q
rk0
qO*1L
P
(Fq|*¬qO6
r2,
yT(q
z
6
3
6"qqO*
r!.
q
r23

<>,
q
:3)74390¬r2,H0
x
P
(uy
?

0
q
x^¡
.
q
Bﬁ.
qO(uq
?
qO(
r
*
r

r
*
.
q
<
qO6
r2,
yT(5(
.
qO*1W
^
3
*MqO(5*
,

,H<H,?rM.
qF*
r23Qr2,
*
r2,H]MP
qwy
r
qO(
P
q
:3
6"y
PS0¬r8r
q
0?
q
~

I!7

ijk

*
P50|<
qa*¬qO6
r2,
yT(©q
z
6
3
6"q
r

r{?
qO*
PS0M.
q9q
7
q
0?
q
r
xd¡
3
616
.
q]xFq
0):3
xFqO*
B93I<
q
PS0
*xuq
r23
(
,
(5m
.
q
0,
q
P50
qO*
:3
wy
P
*
PS7|.
q
0,
q
P50
qO*
:3


Loq
r
qO(56"y
0
qd(FyT(Bq
Q
6
<>P
qO*
3IP*
y
PS0
xd¡-K
P5,
WYr
B
qO6
P
(uq
<HP5?A,
(uyT*
,?rM.
q
,
(
r/.
q
GI0M.
q9qf6"qO(
r
msy
,
*
7\<HP
*
GI03
(FxFqIL
<H3+?
qO*
P50
qﬃxuq/g
~




7
y
PS02036v ?r
v
q
rk0
q*MqO(4*
,

<
q
:3ﬀ<
¡¢qO*
743
6"qxuqO*
74390[3I?}:
q
rk0
qO*
~sr23
({	t
?

¦ 
Ł9E
q

b
6

[W4Xq
7
qO(Fx
3
(
r
L
<H3
6"yT(5(
3I,
**
3
(56"q
x
P
x
.
q
r
qO6
r
q
PS0
q
r
x
P
(
,VB
q
3IP
xuqO*L
0P5,?r
*LxuqEmsyT(Fx
3IPSQ750
yC6"qO*2*
P
*
r r0C.
q]x
P4,?rJ<
¡¢qO*
7\3
6"q0xuqO*
743903I?@:
q
rk0
qO*
3
616"qO*2*
,

<
qO*
:3n<H3n?
qO*
PS0
qIW
.
q
3
(
?
y
,
(5*OL
,H<
*Mq
03I,?r@7
yT*2*
,

<
qx^¡
v
q
rk0
q *MqO(5*
,

<
q
:3
xuqO*
B93I<
q
PS0
*xFq
r23
(d
,
(5m
.
q
0,
q
P50
qO*
:3
y
P
*
P57Z.
q
0,
q
PS0
qO*
:3

a7
y
PS0
xuqO*bayT*MyT(5*bxuq
DU,VGIG
*6K
390G&.
qO*
<[.
q
G
q
0
*
~ ?


¦ "ª
J
q

b
6

[W
<&39747439036v ?r
xuyT(56
,
(Fx
,
*
7
qO(4*
3

<
q_xuq
0M.
q]x
P5,V0
q
<
qO*
,
(56"q
0¬r2,r2P
xuqO*U*
x
*
r/.
q
?E3Qr2,H]/P
qO*
7
y
P50d7
y
PSB
y
,V0
q
b
qO6
r2P
q
0
xuqO*
?
qO*
P50
qO*xFq
750C.
qO*
,
6
,
yT(#W
3
(5*a6"q
rMr
q
7
q
0
*
7
qO6
r2,VB
qIL-xuqO*
?
qO*
PS0
qO* xuq
0[39757
y
0¬r
*xFq*MqO6
r2,
yT(4*mq
z
6
3
6"qO*
g
~



	x
3
(5*;x
,cbd.
q
0
qO(
r
*|6
3
(
3IPSQE7
y
PS0203I,
qO(
r
6"yT(Fx
P5,V0
q
:3uP
(uq
?
q
,H<H<
q
PS0
q{*MqO(5*
,

,H<H,r/.
q
:3uP
(YayT*MyT(YxFq
DU,VGIG
*
6[K
3902G&.
qIW
^
3
*MqO6
r2,
yT( q
z
6
3
6"qYxFq
750
y£x
P
6
r2,
yT(xuq
]/P5390_
*
r
y
7´74390J,
(
r
q
03
6
r2,
yT( mVy
0Jr
qDxuyT(56BqO*
rJ,
(
r/.
q
0
qO*2*
3
(
r
q
7
y
PS0
x
.
qO6"q
<
q
0
xuqO*A*
,VG
(uqO*DxFq=(uy
PSB
q
<H<
q
7
K
x
*
,H]MP
qIW

6
,
LyT(
3´?
yT(
rk0C.
q
]/P
q
<
¡
3&
y
Pur
xuq=(uy
P5B
q
3IPCQ
x
,H3o
GI03I?E?
qO*,xuqx
.
qO*
,
(
rM.
q
GI03Qr2,
yT(
,
(`x
P5,?r
xuqO* q
b
q
r
*
BC,
*
,

<
qO*
*
PS0
xuqO* y\*Mq
02B93

<
qO* x
P=e
y¤x
:
q
<
q
g¤r23
(Fx
390
x#W


e
    	

^Xq
rk03®B3I,H<y750C.
qO*MqO(
r/.
q0x
3
(4*J6"q
rMr
q
r
K
:
qO*Mqﬃ6"yT(56"q
0
(uq
P
(
r
qO*
r
x
P´e
y£x
:
q
<
q
g£r23
(Fx
390
x
7\390<H3
x
.
q
r
q
0?E,co
(
3Qr2,
yT(
750C.
qO6
,
*Mqzx^¡
P
(uq_y\*Mq
02B93

<
qLx
3
(4*
<
qJ*MqO6
r
q
P50
x
Pv]/P5390_Yr
y
7
W^
3
*MqO6
r2,
yT( q
z
6
3
6"qzxuq
750
y£x
P
6
r2,
yT(
xuq
]/P5390_
*
r
y
7
qO(
7\3I,V0
qO*qO*
r
qO(­q
b
q
r
*MqO(5*
,

<
q
:3
xuqE(Fy
?

0
q
PCQ+743903I?@:
q
rk0
qO*zx
P´e
y£x
:
q
<
q
g¤r23
(`x
390
x#W
h
<H<
q
7
q
0[?
q
r8.
q
GT3I<
q
?
qO(
r
xuqx
.
qO6"q
<
q
0
xuqO*{*
,VG
(uqO* xuq(uy
P5B
q
<H<
q
7
K
x
*
,>]/P
q
:3rk03®B
q
0
*
<
¡
3&
y
PFr
xuq(uy
PSB
q
3IPCQ
x
,>39GI03I?A?
qO*bxuq
750
y£x
P
6
r2,
yT(Ly
P=:3wrk03®B
q
0
*xuqO*Y6
3
(
3IPCQ
*
PS7474<[.
q
?
qO(
r23I,V0
qO*bxuq8x
.
qO*
,
(
r/.
q
GI0[3Qr2,
yT(DxuqO*
]MP53902_
*
r
y
7
W
^
3
*MqO6
r2,
yT( q
z
6
3
6"q xuq
750
y£x
P
6
r2,
yT( xuq
743I,V0
qO*0xFq
]MP53902_
*
r
y
7 3 .
q
r/.
q
.
q
r2P
x
,.
q9q
3IPS750O:
qO*xuq­xuq
PSQ
6"y
<H<>3
-y
0[3Qr2,
yT(5*
t
 q
r
r{^%r
g
W&^	¡¢y

qO6
r2,
m qO*
rﬀ3I,
(5*
,
xd¡
3
6
]/PZ.
q
0,H0
xuqO*u6"yT(5(
3I,
*2*
3
(56"qO*ﬁq
r
x
P
*
3OB
y
,H0ko
m
3I,V0
q
<H,.
qO*
:3<
¡
3
(
3I<Vx
*Mq xuq xFyT(5(
.
q9qO*
0C.
q9q
<H<
qO*1Lq
r
xuq
<
qO*
rk03
(5*2m
.
q
0
q
0
q
rE<
qO*
3
x
397`r
q
0q:3<
¡¢qO(
BC,V0
yT(5(uq
?
qO(
r
x
P
^
D
X q
r
x^¡-rd^%r
g
Wﬁ^dqO*
.
q
Bﬁ.
qO(uq
?
qO(
r
*
r r!0
qO6[Kuq
0
6[K
.
qO*E*Mq=6
3903
6
rM.
q
0,
*MqO(
rﬃ74390A<H3f750C.
qO*MqO(46"qﬃx^¡¢y

q
r
*
.
qO(uq
02Gp.
q
r2,H]MP
qO*
t
q
QC3
6
r
q
?
qO(
rFP
(
<
q
7Fr
yT(
~O.
q
<
qO6
rk0
yT( y
Pv?P
yT(
,
*My
<[.
q
3
616"y
?!7439G
(
.
qzx^¡
P
(uq
GI03
(FxFq
.
qO(Fq
02GT,
q
rk03
(4*
B
q
0
*Mq
?A3
(
]MP53
(
r
q
,
(Fx
P4,?r
q
74390A<
q}(Fq
Purk0,
(uySL
3IP ?
y
,
(5*
rk0
y
,
*

q
r
*!6"qO(
rk03IPSQ
xuyT(
rAP
( y
P
xuq
PSQ
*MyT(
rA.
q
r2,>]/P
q
rM.
qO*

WC^¡
.
q
r2,H]MP
q
r239G
qLxuqO*

q
r
*

qO*
rP
(
7
y
,
(
r
,>?!7
y
0¬r23
(
r
xuq
<
¡
3
(
3I<Vx
*Mqmq
r
xuq
?
yT(
rk03OB93I,H<
xuq
r
K
:
qO*MqIWKF(Fq*
7Z.
qO6
,V`
6
,?rM.
qzxuqO*

q
r
*

?A,
*Mq_qO(
397574<H,
6
3Qr2,
yT(x
3
(5*{6"q
rMr
q
r
K
:
qO*MqLqO*
rF<
q
PS0 r23IPCQ=,H?!7
y
0¬r23
(
r
xuq
x
.
qO*
,
(
rM.
q
GI03Qr2,
yT(4*F*Mq
?E,co <
q
7Fr
yT(
,>]/P
qO*OW
r uL
39`
(x^¡
.
q
r2,H]/P
q
r
q
0
q
z
6
3
6"q
?
qO(
ry<
qO*

q
r
*

74390u.
q
<
qO6
rk0
yT(5*1L
<
qO*
7
q
0
msy
0?A3
(56"qO*bxuq
<H3U0
qO6"yT(5*
rk0P
6
o
r2,
yT(xuqO*
.
q
<
qO6
rk0
yT(5*x
3
(5*
<
qO*

q
r
*xuy
,VB
qO(
r8v
q
rk0
q
3I?´.
q
<H,
y
0C.
q9qO*1WCXq
rMr
q
?´.
q
r
Kuy£xuq,xuq
0
qO6"yT(5*
rk0[P
6
r2,
yT(#L
39757
q
<.
q9q
jk?µ.
q
r
Kuy£xuqLxFq
<H3u0
y
Pur
qOlCLFqO*
r

3
*
.
q9qJ*
PS0{<
¡
3
*2*MyC6
,H3Qr2,
yT(xuqx
.
q
7 v
y
r
*
.
qO(uq
02Gp.
q
r2,H]MP
qO*d6
3I<
y
0,H?µ.
q
rk0,H]MP
qO*{*
,?r2P
.
qO*
<
q
<
yT(
G
xuq
<
¡¢q
Q¤rk0[397
y
<>3Qr2,
yT(}xuq
<>3ﬃrk03
6"qxuq
<
¡
.
q
<
qO6
rk0
yT(WU(uq
.
q
r2P
xuq@*
7|.
qO6
,V`\]/P
q
3
6"yT(5*
,
*
r/.
q©qO(
<
¡
3&
y
Pur
xuqO*
,
(Smsy
0?A3Qr2,
yT(5*	x
P
x
.
q
r
qO6
r
q
PS0
xuq
74,
q]x4*
o
xuq
o G
q
0
aqO*	xFq
<
¡¢q
QC7|.
q
0,
qO(46"q uL
]/P4,
(^¡
.
q
r23I,?r2P
*
]MP
¡
3I<
y
0
*
743
*
Pur2,><H,
*
.
qIW\Xq
rMr
q
.
q
r2P
xuqIL
0C.
q
3I<>,
*
.
q9qu*
PS0
xuqO*
.
q
<
qO6
rk0
yT(5*
?
y
P
*x
3
(5*
<
qO*xuyT(5(
.
q9qO*U*
,H?uP5<.
q9qO*,q
rFB3I<>,
x
.
q9qJ*
PS0U<
qO*
xuyT(4(
.
q9qO*
0C.
q9q
<H<
qO*1L
3f?
yT(
rk0M.
q
]/P
q86"qO*x
.
q
r
qO6
r
q
PS0
*Bxuq
74,
q]x5*
o
xFq
o G
q
0
aqO*
0
q
?!7\<H,
*2*MqO(
rJ<
qO*Ly

qO6
r2,
m*
7
y
PS0
<
qO*
]/P
q
<
*
,H<
*yT(
rR.
q
r/.
qf6"yT(
\
6
P
*1WZXqO*B
PurA,
(
,?r2,>3IPCQ .
q
r23I,
qO(
r
x^¡
P
(uq
74390¬rE<
¡
3I?´.
q
<H,
y
03Qr2,
yT( xuq
<H3
x
,
*26
0,H?A,Vo
(
3Qr2,
yT(
.
q
<
qO6
rk0
yT(
o 74,
yT(#L^q
r
x^¡
3IPurk0
q
74390¬r<
¡
3I?µ.
q
<>,
y
03Qr2,
yT(­xFq
<H3}0M.
qO*My
<HPur2,
yT( qO(
.
qO(uq
02GT,
qDx
P
6
3I<
y
0,>?}:
q
rk0
qIL
x
.
q
GI03
x
.
q9q
74390{<H3750M.
qO*MqO(56"qx
P
*My
<.
qO(Fy

xuq
3&
y
PFr/.
q
3IPdP
(

WSr
B
qO6
<
qO*8x
.
q
r
qO6
r
q
PS0
*mxuq
74,
q]x4*
o
xuq
o G
q
0
aqO*1L
<
qO*
7
q
0
msy
0?A3
(56"qO*;xuq
<
¡
.
q
r2,>]/P
q
r239G
qxFqO*

q
r
*

74390E.
q
<
qO6
rk0
yT(5*|*MyT(
r|750
yC6KuqO*xuqF6"q
<><
qO*y
r
qO(
P
qO*
3®B
qO6wxuqO*
?uP
yT(5*1W
^	¡
3
(
3I<Vx
*Mq
:3

3!7
y
PS0

Pur
xFq
?
qO*
PS0
q
0{<>3
*MqO6
r2,
yT(q
z
6
3
6"qzxuq
750
y£x
P
6
r2,
yT(0xFq
743I,V0
qO* xuq
]MP53902_
*
r
y
7
W ^dqO*
.
q
Bﬁ.
qO(uq
?
qO(
r
**MyT(
r
6"y
<H<
qO6
rM.
qO*
74390&<
q	x
.
q
r
qO6
r
q
PS0
}q
r
6"y
00
qO*
7
yT(FxuqO(
r
:3dP
(Fq
<HP5?A,
(uyT*
,?rM.
q
,
(
r/.
q
GI0C.
q9q
xuqª¹
»}7

ijk
W^	¡
.
q
B3I<HP43Qr2,
yT(­x
P
(
,VB
q
3IP
xuqO*amVyT(`x5*Um
3I,?r39747
q
<{:3}74<>P
*
,
q
PS0
*
r
qO6K4(
,H]MP
qO*w
3
*
.
q9qO*J*
PS0<
qO*
xuyT(4(
.
q9qO*
0M.
q9q
<H<
qO*ﬃq
rv<H3
*
,H?uP5<H3Qr2,
yT(#WZ^	¡
Pur2,H<H,
*
3Qr2,
yT(x
,V0
qO6
r
q­xFqO* xuyT(5(
.
q9qO*
7
q
0[?
q
r
xuq+m
3I,V0
q m
3
6"q
:3n<H3
6"yT(5(
3I,
*2*
3
(56"q
<H,H?E,?r/.
q9qxFqO*
750
yC6"qO*2*
P
* x
P+e
y£x
:
q
<
q
g¤r23
(`x
390
x#L
3I,
(5*
,p]MP
¡
3IPCQ
q
b
q
r
*
0390
qO*_xFq
<>3ﬃ0
qO6"yT(5*
o
rk0P
6
r2,
yT(#W/^	¡
3
(
3I<Vx
*Mq
`
(
3I<
q
0
q
7
yT*MqU*
PS0
<H3
6"y
?

,
(
3I,
*¬yT(Yxuq
]MP53Qrk0
qa6
3
(
3IPCQ
q
Q
6
<HP
*
,
m*	qO(ﬃmsyT(56
r2,
yT(©xuq
<H3

T¬
?uP5<?r2,V7\<H,
6
,?rM.
qmqO(

q
r
* q
r
x
P@<
q
7Fr
yT(#WS^
3
*¬qO6
r2,
yT(q
z
6
3
6"qzxuq
750
y£x
P
6
r2,
yT(©xuq
]MP53902_
*
r
y
7
qO(
743I,V0
qO* x
3
(5*
<
q6
3
(
3I<{jk<
q
7Fr
yT( 

q
r
*2lqO*
rd?
qO*
P50M.
q9q
:3@t
g
~


  
 
ª

 
i
 
~
6<^}
	u] 
 »S~`
 
h
<H<
qqO*
r
qO(
3
616"y
0
x
3OB
qO6
<
qO*
750C.
q]x
,
6
r2,
yT(5*
r
K
.
q9y
0[,H]/P
qO* x
Pe
y¤x
:
q
<
q
g¤r23
(`x
390
x#WX8q
0C.
qO*
P4<?r23Qrp3@.
q
r/.
q
3975750
y
P5Bﬁ.
q
74390ﬁ<>3
6"y
<H<H3
ay
03Qr2,
yT(#W¹Xq
rMr
q
?
qO*
PS0
q
7
q
Pur

.
qO(
.
q
`
6
,
q
0
xuq
<
¡
3IPSGT?
qO(
r23Qr2,
yT(Yxuq
<H3
*
r23Qr2,
*
r2,H]/P
q,x
,
*
7
yT(
,

<
qIL
6"q
]MP5,
xuq
BM03I,?r7
q
0?
q
rMrk0
q
P
(uq
0C.
q]x
P
6
r2,
yT( xuqO*
,
(56"q
0¬r2,?r2P
xFqO**
r23Qr2,
*
r2,H]MP
qO*8q
r
*
x
*
rM.
q
?A3Qr2,>]/P
qO*OW
rRr{^&r
g
L
<
¡¢qO(
BC,V0
yT(4(uq
?
qO(
r
K
3
x
0
yT(
,>]/P
q
74<>P
*-q
QC,VG
q
3
(
r
q
rp<H3?µ.
qO6"yT(5(
3I,
*2*
3
(56"qxuqy6"q
0¬r23I,
(4*
750
yC6"qO*
o
*
P
*
,H?!7\<H,H]MP
qO(
r#P
(Fq
750
y
<.
q
?E3Qr2,H]/P
q	x^¡
3
(
3I<Vx
*Mq	x
,cbd.
q
0
qO(
r
qIW9hy(
3
x
397Fr23
(
r&<
qZ*
3OB
y
,V02o
m
3I,V0
q;xuq
<
¡¢q
QM7|.
q
0[,
qO(56"q
uL
P
(uq
750
yC6
.
q]x
PS0
qxuqu*
.
q
<
qO6
r2,
yT( xuqO*
.
q
Bﬁ.
qO(uq
?
qO(
r
*
r r)3 .
q
r/.
q
?A,
*MqﬁqO(
74<H3
6"qIWNh
<H<
q
3 .
q
rM.
qy
7`r2,H?A,
*
.
q9qxuq
m
3K\
6"yT(
:3@?A,
(
,H?A,
*¬q
0U<
qO*
,
(56"q
0¬r2,?r2P
xuqO*)*
x
*
r/.
q
?A3Qr2,H]MP
qO*
r
K
.
q9y
0[,H]/P
qO*_q
rJ<
qO*
,
(56"q
0¬r2,?r2P
xFqO*wq
QM7|.
q
0,>?
qO(
r23I<
qO*1W
Xy
?E?
q
:3
uL
<H3
*MqO6
r2,
yT(©q
z
6
3
6"q_qO*
rﬃ.
q
B93I<HP
.
q9q*
PS0
*Mq
,]
q)6
3
(
3IPCQ
q
Q
6
<HP
*
,
m *	qO(8msyT(56
r2,
yT(©x
P8<
q
7Fr
yT(#L£xuq
<H3u?uP5<?r2,V74<>,
6
,?r/.
q,qO(

q
r
*8q
r
xFq
<H3ﬀ?uP5<?r2,V7\<H,
6
,?rM.
q,qO(

q
r
*
.
q
r2,H]/P
q
r/.
qO*  W5X8q
rMr
q
0C.
q
7\390¬r2,?r2,
yT(@*Mq
0[3Pur2,><
qqO(
BCP
q
xuq
<
¡
.
q
B93I<HP53Qr2,
yT(ﬃx
P
(
,HB
q
3IP
xuqO*msyT(Fx5*{*
PS0d<
qO*,xFyT(5(
.
q9qO*
0C.
q9q
<H<
qO*1W4^dq
0C.
qO*
P5<?r23Qr
xFq6"q
rMr
q
3
(
3I<Hx
*Mq6"yT(`x
P5,?r
3IPCQ@,
(56"q
0Jr2,?r2P
xuqO**
r23Qr2,
*
r2,H]MP
qO*8q
r
*
x
*
r/.
q
?A3Qr2,H]MP
qO*U*
P5,VB93
(
r
qO*d*
PS0
g
~sr r

t

g
b
g

 
o¥
~
*
r23Qr
 ª
 >
¥
~
*
x
*
r

7
y
PS0



ms
ijk
h
(
`
(#L
<H3
*MqO6
r2,
yT(q
z
6
3
6"q xFq
750
y£x
P
6
r2,
yT(}xuq
]MP53902_
*
r
y
7 74390A,
(
r
q
03
6
r2,
yT(nmVy
0Jr
q qO*
r
*MqO(4*
,

<
q
:3
<
¡¢q
QS,
*
r
qO(46"q0xuq©ayT*MyT(5*xuq
DU,VGIG
*!6K
390G&.
qO*OWZXqO*Bxuq
0
(
,
q
0
*
3974743903I,
*2*¬qO(
r
x
3
(5*xuqO*
?
y£x
:
q
<
qO*!*
r23
(`x
390
x
(uyT(
?A,
(
,H?E3IPCQq:3
xFq
PCQ
xFy
P

<
q
r
*,xFq
DF,HGIG
*1W 
3
(5*
<
q6
3
x
0
qzxuq6"qO*
?
y¤x
:
q
<
qO*OL
<
¡
3
(
3I<Vx
*Mq
7\3903I?´.
q
rk0,H]MP
q
x
3
(4*
<
¡¢qO*
743
6"q­xuqO*
7\3903I?}:
q
rk0
qO*
3n?
yT(
rk0C.
q
]MP
q
<H3µ0
qO6[Kuq
0
6KFq x^¡
.
q
Bﬁ.
qO(uq
?
qO(
r
*
r

r
x
.
qO6
0,?r
q­x
3
(4*@6"q
rMr
q
r
K
:
qO*Mq
7
q
0?
q
rMrk03I,?r
x^¡
v
q
rk0
qF*MqO(4*
,

<
q
:3P
(uq
GI03
(FxFq
0M.
q
GT,
yT(DxFq
<
¡¢qO*
743
6"q xuqO*
7\3903I?}:
q
rk0
qO*1WMr
Purk0
q
?
qO(
r
x
,?r
L
x^¡
.
q
B
qO(
r2P
q
<
* ayT*MyT(5*xuq
DU,VGIG
*U6K
3902Gp.
qO*
7
y
PS020[3I,
qO(
r
qO(
rk036v 
(uq
0FP
(Fq
?
y£x
,V`
6
3Qr2,
yT(
BM,
*
,

<
q_xuq
<H3
*¬qO6
r2,
yT(
q
z
6
3
6"q
r rd?
qO*
P50M.
q9qIW
£

  	

  



 
 
	
£
  
 
 

	





 

	
	



	 


 	 

    

  

3
(5*&6"q
rMr
q
3
(4(uq
Q
qIL(uy
P
*
740
y
7
yT*MyT(5*dxuq;x
.
q
?
yT(
rk0
q
0p<H3
mVy
0?uP5<
qxd¡¢q
Q¤rk0397
y
<H3Qr2,
yT(LxuqO*
rk03
6"qO*
PFr2,H<H,
*
.
q9q
x
3
(4*
<>3n?´.
q
r
Kuy¤xFq­xuq
<H3µ0
y
Pur
q
7
y
PS0}750C.
q]x
,H0
q
<H3µ7
yT*
,?r2,
yT(x
P9¤(ﬁﬀﬃﬂ 
Wmy
P
*=6"yT(5(
3I,
**MyT(5*
<H3
x
,H0
qO6
r2,
yT(0xuq
<H3zrk03
6"q
3IP}7
y
,
(
r
xuq
74<>P
*
740
yM6[Kuq
3975750
yC6KFq"!$#&%  q
r '
#&%  q
r{<
qO*Z6"y¤y
0
xuyT(4(
.
q9qO*mx
P8B
q
0¬r
q
Q
750[,H?A3I,V0
q)(+*ﬃ,ZL
	
*ﬃ,Uq
r.-
*ﬃ,|Wy
P
*a6"yT(5(
3I,
*2*MyT(5*
.
q
GT3I<
q
?
qO(
ra<
q
03®x
yT(«xFq6"y
PS0

PS0
qLxuq
<H3Drk03&
qO6
r
y
,H0
qIL
0
q
<>,[.
q
:3U<
¡
,H?!7\P5<
*
,
yT(
rk0[3
(5*
B
q
0
*Mq xuq
<H3F74390¬r2,
6
P4<
q
t 0/
 132
46587
W9^
3F74P5<
*
3Qr2,
yT(zxuq
<>3mrk03&
qO6
r
y
,V0
qK
.
q
<H,
6"y

x
3I<
q
qO*
r 9
: ;=<$>?:
@?A
W
<
*9¡
39GT,?ry3I<
y
0
*xuq{6
3I<
6
P5<
q
0ﬁ<
¡
3
(
GT<
q

!

!+BC*ﬃD=EF!$#&%

qO(
rk0
q
<H3
x
,V0
qO6
r2,
yT(xuq
<H3 rk03
6"qmq
ry<H3U7
yT*
,?r2,
yT(
3B]O,H?uPur23I<
qx
Pﬁ9<"(Gﬀﬃﬂ 
L
3I,
(5*
,p]MP
q
<>3
x
,
*
r23
(56"q

-

-
BC*ﬃDHE
-
*ﬃ,qO(
rk0
q
<
q
B
q
0¬r
q
Q+750,>?A3I,V0
qzq
r
<
q
]I¤"(Hﬀﬃﬂ 
W

y
PS0
*
,H?!74<H,H`
q
0Z<
qO*{6
3I<
6
P5<
*OL5(uy
P
*{(uy
P
*
74<H3K\
6"yT(5*mx
3
(5*
<
q
0
q
7#:
q
0
q
~
'
QCx

r
q
<%]MP
q
<
¡
3Q
q
~
'
Q
y*My
,?r
6"yT(SmVyT(`x
Pﬃ3®B
qO6
<H3
x
,V0
qO6
r2,
yT(0xuq
<H3Lrk0[3
6"q
3IP87
y
,
(
r
xuq
74<HP
*
750
yC6KFq
3975740
yM6[Kuq
t
!$#&%


u74390
x
.
q
`
(
,?r2,
yT(#W
y
P
*
0[397
q
<
yT(5*
<
qO*{K
x/7
y
r
K
:
qO*MqO*xuq6"qO*d6
3I<
6
P5<
*
t
{
^dqO*
rk03
6"qO* yT(
rYP
(uq
rk03&
qO6
r
y
,H0
qZK
.
q
<>,
6"y

x
3I<
q
:3F<
¡
,
(
rM.
q
0,
q
P50
x
P
*My
<[.
qO(uy

xuqZ6
390<
q
6[K
3I?!7ﬀ?A39G
(
.
q
r2,H]MP
q
qO*
rdP
(
,
mVy
0?
qIW
{
^¡
,H?!7\P5<
*
,
yT(
?
qO*
PS0M.
q9q;xuq
<H3,rk0[3
6"q
r2,
qO(
r
6"y
?A7Fr
qIL6qO(
?
y
x
qO(4(uqIL*xFqO*
7
q
0¬r
qO*x^¡
.
qO(uq
02GT,
q
74390

0
q
?A?ﬀo
*
rk03
K
<HP
(
G
q
r
xuqO*
,
(
r
q
03
6
r2,
yT(4*
3OB
qO6
<H3!?A3Qr2, :
q
0
qﬁqO(
3I?
yT(
r
x
P
X
|g
W
{
^dqO*
rk03
6"qO*yT(
ryP
(uq
rk03&
qO6
r
y
,H0
q
0
qO6
r2,H<>,VG
(uq
:3)<
¡¢q
Q£r/.
q
0[,
q
PS0
x
P
*¬y
<[.
qO(uy

xuq{6
390Z<
q6K
3I?!7ﬃ?A39G
(
.
q
r2,H]MP
q
0M.
qO*
,
x
P
q
<
qO*
r
(
P4<
W
{
^
3rk03&
qO6
r
y
,H0
qK
.
q
<H,
6"y

x
3I<
qxuq
<H3rk03
6"q8qO*
rY0
q
?!74<>3
6
.
q9q
74390P
(Fq
rk03&
qO6
r
y
,V0
q
74390[3
-y
<>,H]/P
qIL
74P5,
*
]/P
q
<
qO*
rk03&
qO6
r
y
,V0
qO*d*¬yT(
r7
q
P
x
.
q3J
.
qO6K
,
qO*1W4^XqO*
3
(
GT<
qO*,xFqx
.
q3JFq
QC,
yT(@*MyT(
rF3I<
y
0
*
rk0O:
qO*
7
q
r2,?r
* xFq
B3
(
r
9W
{
^
3
x
,
*
r23
(56"q
rk0[3
(5*
B
q
0
*Mqzx
P=B
q
0Jr
q
Qv750,H?E3I,V0
q
:3E<
¡
3Q
q
~
'
]
,x
P
x
.
q
r
qO6
r
q
PS0A~LK
*ﬃ,y qO*
rmrk0O:
qO*
7
q
r2,?r
q
74390|039757
y
0¬r|3IP}03Ox
yT( x
P
*My
<[.
qO(uy

xuqILS6"q
]MP5,7
q
0?
q
r
xuq)(
.
q
GT<H,VG
q
0d<
qO*y
0
x
0
qO**
PS7|.
q
0,
q
PS0
*qO(
KI
*ﬃ,
x
3
(5*
<
qO*{6
3I<
6
P5<
*1W
M
 N [NﬂyU#2F!ﬂPORQ
^	¡
3
(
GT<
q

! qO*
r
y
r
qO(
P
6"y
?A?
q}*
P5,?r
W Xy
Pur
x^¡
3
ay
0
x(uy
P
*J6KFq
0
6KuyT(4*
:3
qO*
r2,H?
q
0u<H3@7
yT*
,?r2,
yT(­xuq
<H3 rk03&
qO6
r
y
,V0
q
743903
ay
<H,>]/P
q
3IP
(
,VB
q
3IP
x
PR?A,H<H,
q
P
x
P
*My
<.
qO(uy

xFqIL
:3qP
(Fq0x
,
*
r23
(56"q
0SLTVU

Ł9
6
?
xuq
<
¡
3Q
q
~
'
]
[Wph
(5*
P5,?r
qIL
<H3 rk03&
qO6
r
y
,V0
q0qO*
ru750
y
<
yT(
G&.
q9q
74390ﬀP
(uq
<>,VG
(uqDx
0
y
,?r
q
2P
*
]MP
¡
3IP
X
Zg :3fP
(uqYx
,
*
o
£
¼
r23
(56"q
 
 e
¼
6
?
xuq
<
¡
3Q
q
~
'
]
[W^dqO*(uy
r23Qr2,
yT(5*
Pur2,H<>,
*
.
q9qO*
7
y
P50
6"qﬃ6
3I<
6
P5<
*MyT(
r,H<H<HP
*
rk0M.
q9qO*a*
PS0)<H3
`5GTP50
q)rJW9W9W
s;
rW9WDﬀX)Vc*R¤5)C:)CA*3P!J3?2@$A 7
	 #6A),3?R! ¬)S%3P@$2/RS)w7
	S5)=>)S%3?RS@$A s)CA
R@$#9)
	
W;7"!JA*:=\! c6!$RC3?2)w24A*3V)CR(Ao)7$#Y7a5)C3V)S%3V)C#6R 	bTK£)C:w7$2/:13P!$AQ%C)C:
@$A&3Y5)C365)L)"!Za5)CR¤5)M)C:;c6@$#]Rc= #]:79)w= 2/:12[2?= 2/3]5)MT £)RS)Vc N)CR1)%('&@$2/:12jc6@$#]R
=>),%1!=\%#6=a7
	 )$3?R!Cc6@=\!$3?2?@$A©7")C:83?RS!"%()C:m!$24A*:12 #Q),=>)C:AQ@$3P!$3?2@$A&: :C@$A*3
5)S"!=>)CG )CA*3aG )CA*3?2@JA*Ab5)M)C:T

3
(5*
<
q
0
q
7#:
q
0
qJ6[Kuy
,
*
,
L
<>3rk03&
qO6
r
y
,H0
q6
,V0
6
P5<H3I,V0
q
3!7
y
PS08.
q
]MP53Qr2,
yT(ﬃxd¡
.
q
]MP53Qr2,
yT(;6
390¬r/.
qO*
,
qO(5(Fq
t
	
~
(N
 	
*ﬃ,

.%
0E6"yT*
(HE (+*ﬃ,

 % 
h
<H<
qwqO*
r{0
q
?A74<H3
6
.
q
74390dP
(uq
743903
ay
<
qx^¡
.
q
]MP53Qr2,
yT(
t
	
~
(N
 	 *ﬃ, 
(

E  ( ($*ﬃ,


 %

~
(QtV(

*ﬃ,

<
qO*
rd3I<
y
0
*
7
yT*2*
,

<
q xuq6"yT(4(
36v ?rk0
q
<H3ﬀ7
yT*
,r2,
yT(xuq
<H3ﬀ74390Jr2,
6
P5<
q_x
3
(5*
<
q)*My
<[.
qO(uy

xuq
t

(






	


 	
*ﬃ,
ﬀ
8
ﬁﬃﬂ
i


ﬁ ﬂ!#"%$'&

(
h
(5*
P5,r
qIL
<H3}rk0[3&
qO6
r
y
,V0
q­qO*
r@0
qO6
r2,H<>,VG
(uq
74P5,
*
]MP
q
<
q+6K
3I?A7 ?A39G
(
.
q
r2,H]MP
q
0C.
qO*
,
x
P
q
<
qO*
r
6"yT(5*
,
x
.
q
0M.
q
6"y
?A?
qJ(
P4<
WS^¡
.
q
]/P43Qr2,
yT(ﬃxuq6"q
rMr
q
rk03&
qO6
r
y
,V0
qqO*
r
xuyT(5(
.
q9q
7\390t
	
~
(N





E (
*ﬃ,

 %
(
 	
*ﬃ, E







 %
y
P
* y
r
qO(FyT(5*
3I<
y
0
*
<H3ﬀ7
yT*
,?r2,
yT(xuq
<>3ﬀ74390¬r2,
6
P5<
q
3IP
(
,VB
q
3IP
x
P
X
Zgft
)*
+
*,
(CBC*ﬃD


BC*ﬃD
	
BC*ﬃD
.-

ﬁ ﬂ!
i
"%$/&10
12
$'3
i54
8
ﬁ ﬂ!
8
(
 	
*ﬃ,
y
P*
y
PS0
*x
3
(5*J6"q
0
q
7#:
q
0
qIL

!
B3IPur3I<
y
0
*

!

390
6
r23
(
~
	 BC*ﬃD b
(
BC*ﬃD
[W
<
qO*
3
(
GT<
qO*LxFqDx
.
q3JFq
QS,
yT(
*MyT(
r{7
q
r2,?r
*1LS6"q
]MP5,
xuyT(4(uq
t

! c
~




E

8
ﬁ ﬂ!

12
$'3
E (+*ﬃ,y
b6
 % 7
$'&
#2
$'3
W
h
(
Pur2,><H,
*
3
(
rJ<
qO*
B3I<
q
PS0
*u(
P5?µ.
q
0[,H]/P
qO*





»
e

L


BC*ﬃD

e
¼9«
L q
r!<H3=0
q
<>3Qr2,
yT(
<>,H3
(
ru<
q
03®x
yT( xuq=6"y
P50

PS0
q


%
q
rE<
¡
,>?!74P5<
*
,
yT(
rk03
(4*
B
q
0
*MqﬃxFq
<H3q74390¬r2,
6
P4<
q 98ﬁLﬁ(uy
P
*By
r
qO(uyT(5*
<H3
msy
0?uP5<
q
B
y
P5<>P
q
t

!


 ¼
e

	
*ﬃ, E
~  

TŁ

 ¼9I
($*ﬃ,ﬁ6:<;>=

8

! qO*
r
qO(
03
x
,H3
(5*1L?qO( qO*
<H3
L
7@
qO(

q

6q
rd]
qO*
rF<H3
6K
390G
q
.
q
<
qO6
rk0,H]MP
qLxFq
<H3!74390¬r2,
6
P5<
q
~ o

7
y
PS0<
qO* q
<
qO6
rk0
yT(5*[[W
£"ª
M N [NﬂyU#2F!ﬂPO 
X8y
?A?
q  !%L 
-
qO*
r
y
r
qO(
P
qO(«qO*
r2,H?A3
(
r)<H3A7
yT*
,r2,
yT( xFq
<H3Yrk03&
qO6
r
y
,V0
q
743903
ay
<H,>]/P
q
3IP
(
,VB
q
3IP
x
P@?E,H<H,
q
P
x
P
*¬y
<[.
qO(uy

xuqIL
7\P5,
*qO(
750
y
<
yT(
G
q
3
(
r
6"q
rMr
q
rk03&
qO6
r
y
,V0
q
74390dP
(Fqx
0
y
,?r
q
2P
*
]MP
¡
3IP
(
,HB
q
3IP
x
P
X
|g
W

P5,
*
]MP
q{(uy
P
*y(uy
P
*
,
(
r/.
q
0
qO*2*MyT(5*
P
(
,H]MP
q
?
q
?
qO(
rU:3<H3rk0[3&
qO6
r
y
,V0
q x
3
(4*
<
q
7\<H3
(
<
yT(
GT,?r2P
x
,
(
3I<
LI(uy
P
*
x
.
q
`
(
,
*2*MyT(5*
<>3
x
,
*
r23
(56"qx
3
(5*
<
q
74<H3
(
rk0[3
(5*
B
q
0
*MqLqO(
rk0
q
<H3ﬀ74390¬r2,
6
P4<
qwq
rd<
q
B
q
0¬r
q
Q=750[,H?A3I,V0
q
t


~
    (
~
 

 	
~
 

  
 % *
,
(
9


 (+*ﬃ, 
~
($*ﬃ,

 %
t 	

*ﬃ,

h
(
0
q
?!74<H3K\
6
3
(
rF<H3ﬃB9390,H3

<
q
r
q
?!7
y
0
q
<H<
q 
74390
 
 -
b 
=
LN(uy
P
*y
r
qO(uyT(5*
<H3E0
q
<H3Qr2,
yT(
0
q
<H,>3
(
r
<H3ﬀ7
yT*
,r2,
yT(
<
yT(
GT,?r2P
x
,
(
3I<
q xuq
<H3ﬀ74390Jr2,
6
P5<
q
:3
*
3ﬀ7
yT*
,r2,
yT(
rk03
(5*
B
q
0
*Mq 

t
-4~

  

=



9
390
61*
,
(

 E ($*ﬃ,
 
 %
^XqO*
3
(
GT<
qO*{*¬yT(
r{7
q
r2,?r
*,q
r

 % 
 BC*ﬃDL46"q
]MP5,N7
q
0?
q
r
xuq*
,>?!74<H,V`
q
0Z<H3
msy
0?uP5<
q
750C.
qO6
.
q]xuqO(
r
qqO(
t
-\~

  
~

 E (+*ﬃ,ﬁ

=

8
r
PCo
xuq
<i:3
xuq
<
¡
3I,H?E3
(
r~ 

»
e
?A?
[L
<>3Brk03&
qO6
r
y
,V0
qzqO*
rFP
(FqLx
0
y
,?r
qLq
r
(uy
P
*my
r
qO(uyT(5*
<H3A7
yT*
,r2,
yT(©qO(
-
xFq
<H3ﬀ74390¬r2,
6
P4<
q
3IP
(
,VB
q
3IP
x
P
X
Zgq~ 
 

 
e
¼A?

t
-4~

 
)BC*ﬃD


~  
e
¼9
E (
*ﬃ,


=

8
X8q
7
qO(`x
3
(
r
L
7
y
PS0
6"y
?!74390
q
0!<
qO*x
,cbd.
q
0
qO(
r
*
0M.
qO*
P5<?r23Qr
*Bx^¡¢q
Q£rk0397
y
<H3Qr2,
yT(}xuqO*
rk03
6"qO*OLﬁ(uy
P
*um
3I,
*MyT(5*
,
(
r
q
02B
qO(
,H0a<>3}7
yT*
,?r2,
yT(«qO(
-
xuq
<>3}74390¬r2,
6
P5<
q
3IP
(
,VB
q
3IP
x
Pq03®x
yT(­q
Q£r
q
0
(uqDx
P
x
.
q
r
qO6
r
q
PS0
xFq
rk0[3
6"q
:3

c
 »+?
Wy'a(
3q3I<
y
0
*
<H3f0
q
<>3Qr2,
yT(
-

~  »9I
Eﬁ(+*ﬃ,y
	
>
	

 »9I
*
,
(5K
'
#&%

W
X8qO6
,
6"yT(`x
P5,?rv:3q<H3
msy
0?uP5<
q)*My
P
K
3I,r/.
q9q
t

-

 »9I
*
,
(5K
'
#&%


~  

¼9
E (+*ﬃ,ﬁ

=
98

-
qO*
r
qO(
?@:
q
rk0
qO*1L 
=
q
r

8
*MyT(
r
qO(

q

69W
M
   ﬂﬁAZ#2Fﬀ£N¢ﬀ£!ﬂﬁ  ﬂ ﬂyﬀﬂ	 ﬂyU NJ ¢!¤& ﬂy
^XqO*x
.
q
74<H3
6"q
?
qO(
r
*

!q
r

-
xuqO*
74390Jr2,
6
P5<
qO* qO(
rk0
q
<
q,x
.
q
r
qO6
r
q
PS0
xuq
rk03
6"qO*q
rﬁ<
qFX
Zg
*MyT(
ry?A3I,
(
r
q
o
(
3
(
r750C.
q]x
,r
*1W
w<
*9¡
39GT,rﬁ3I<
y
0
*xuq6"yT(Sm
0
yT(
r
q
0
6"qO*
0C.
qO*
P5<?r23Qr
*
:3
6"q
PCQ
msy
PS0
(
,
*
74390
xFqO*
.
q
Bﬁ.
qO(uq
?
qO(
r
*Z*
,H?uP5<[.
qO*1W
y
P
*
PFr2,H<H,
*MyT(4*
7
y
PS0
6"q
<H3
xuqO*xuyT(5(
.
q9qO*d*
,H?P4<[.
q9qO*,qO(
0,
6K
,
qO*,qO(
BM03I,
*
.
q
<
qO6
rk0
yT(5*
?
y
P
*
~ ,
*2*
P
*,xuq
b
[L
3I,
(4*
,N]/P
qxFqO*
.
q
Bﬁ.
qO(uq
?
qO(
r
*
?uP5<?r2, 
q
r
* xuq_
3
*
?
y
?
qO(
r,rk03
(5*
B
q
0
*Mq
0,
6[KuqO* qO(@m
3IPCQ.
q
<
qO6
rk0
yT(5*
?
y
P
*d
q
r

WXqO*
.
qO6[K
3
(
r2,><H<
yT(5**MyT(
r
x
.
qO6
0,?r
*zx
3
(5*
<H3 r
K
:
qO*MqILbx
3
(5*
<H3
*¬qO6
r2,
yT(­ªSWMWMW9W

y
PS0
6K
3I]MP
q
rk03
6"q
x^¡
.
q
<
qO6
rk0
yT(
?
y
P
L
]MP
¡
,H<
*My
,?rZB/0[3I,
y
P
m
3IPSQ
L
,H<
qO*
r
7
yT*2*
,

<
qmxuqU6
3I<
6
P5<
q
0|<
qO*
]/P43
(
r2,?rM.
qO*

!q
r

-
qO(
rk0
q
<H3
rk03
6"qq
r&<
q
9¤()ﬀﬃﬂ=a<
q
7\<HP
*
750
yM6[KuqIW ^XqO*&6
3903
6
rM.
q
0,
*
r2,H]MP
qO*bxuqO*
rk03
6"qO*
~ ,H?A74P5<
*
,
yT(#L
7
*Mq
P
xuy
o 0[3974,
x
,?rM.
q 
q
ru<
qO*6"y¤y
0
xuyT(
.
q9qO*Bx
PB
q
0¬r
q
Q 740,H?A3I,V0
qA*MyT(
r.
q
GT3I<
q
?
qO(
r
6"yT(5(
P
qO*1L&6Q¡¢qO*
rﬀ7
y
PS0]MP
y
,ﬁ,><
qO*
ru750M.
q1m
.
q
03

<
qIL
7
y
PS0
6"qO*
Bﬁ.
q
0,
m 6
3Qr2,
yT(5*1Ljxuq
0
q
750C.
qO*MqO(
r
q
0a<
qO*
]MP53
(
r2,r/.
qO*
t
98
!
%
	

 E !$#&%

EU
 ¼
e
K
*ﬃ,!*
,
( !$#&%

:

 Ł9 K
*ﬃ,
6"yT*$!$#&%

~
rW
¼
W®

8
-
%
	

 E
 »9
*
,
(5K
'
#&%

E
-
*ﬃ,

=

K
*ﬃ,!6"yT*+! # %

~
rW
¼
WT
£
»
h
(ﬃq
b
q
r
L#*Mq
<
yT(
<
qO*U6
3I<
6
P5<
*
750C.
qO6
.
q]xuqO(
r
*1L%6"qO*
]MP53
(
r2,r/.
qO*)rW
¼
Wq
r
rJW
¼
W}*MyT(
r
6"yT(5*
r23
(
r
qO*wq
raB3I<
qO(
r
0
qO*
7
qO6
r2,HB
q
?
qO(
r
E
 

TŁ
?   E
 
£;q
r

 

¼
WT^
3d`5GTP50
q
rW
¼
W
?
yT(
rk0
qZ6"qO*
]MP53
(
r2,?r/.
qO*1LI6
3I<
6
P5<.
q9qO*
7
y
PS0
r
y
P
*
<
qO*
.
q
<
qO6
rk0
yT(5*
?
y
P
*	x
3
(5*	xuqO*
.
q
Bﬁ.
qO(Fq
?
qO(
r
* b q
ry?uP5<?r2, 
q
r
*x
.
qO6
0[,?r
*;x
3
(5*
<
q
74390[39GI0397
Kuq,ªSWMWMW9W
^XqO*
74,
61*
:3
E
 
£zq
r

 

¼
*MyT(
rUBC,
*
,

<
qO*1L
B93I<H,
x
3
(
rd3I,
(5*
,&<
qO*U6
3I<
6
P5<
*
r
K
.
q9y
0,>]/P
qO*OW
<
*U*Mqu*
PS7
q
027
yT*MqO(
r
:3AP
(}mVyT(Fxv6"yT(
r2,
(
P=7
y
PS0{<
q
]/P
q
<#<
qO*
.
q
<
qO6
rk0
yT(5*
?
y
P
*{(FqJ*MyT(
rd3
*2*MyC6
,[.
qO*
:3E3IP
6
P
( x
.
q
7 v
y
r
x^¡
.
qO(uq
02GT,
qzx
3
(5*
<
qX
Zg
W
vertex /q + 0.6xT)Pvertex-1.37ySEMφ-CPSφ(
-0.4 -0.2 0 0.2 0.4
Ev
en
t d
en
sit
y
0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
ΨJ/
 20≤T p≤QCD 10
 (m)vertex + xT /Pz)PSEM-zCPS(z
-0.4 -0.2 0 0.2 0.4
Ev
en
t d
en
sit
y
0
0.002
0.004
0.006
0.008
0.01
0.012
0.014
ΨJ/
 20≤T p≤QCD 10
s;
rJW
¼
Wﬁﬀa#&!$A*3?2/3]5)C:Xﬂ	T9T  6N!"!$#&%('*)
	
)C3`ﬂT]T6N!,7$RS@J2/3V)
	
%1!=\%#6=¬5)M)C:ac6@$#]R3P@$#]:=>)C:5)=>)1%3?R@$A*:G8@$#]:7"!JA*:
79)C:B5)CE`5)CAo)CG,)CA&3?:	5
 )C3-G#6= 3?2 M)C3?:b:12/G#6=¬5)C:T
r
7\390¬r2,V0
xFqO*
,
(5mVy
0?E3Qr2,
yT(5*	xFqO*
rk03
6"qO*
'
# %

q
r
!$#&%

L
,H<
qO*
r
xuyT(56
7
yT*2*
,

<
q,x^¡¢qO*
r2,H?
q
0|<H37
yT*
,?r2,
yT(xuq
<
¡
,>?!743
6
r
x
3
(5*
<
qX
Zg
W
^XqO*6
3I<
6
P5<
*6"y
?!74<
q
r
*&*
3
(5*
3974750
y
QS,H?A3Qr2,
yT(5*
,H?!74<>,H]/P
qO(
rNP
(x
.
q
74<>3
6"q
?
qO(
r
xuqO*
750C.
q]x
,
6
r2,
yT(5*aqO( !
xuq

W
T¼I»
¥ q
r-]
xuq

W


»
¥
7
y
PS0aP
(uq
74390¬r2,
6
P5<
q
Bﬁ.
q
02`43
(
r)79@

¼=
q

b
6Bq
ra0



?E?
W%XqO*
q
020
q
PS0
*a*MyT(
r
m
3I,

<
qO* q
r<
q
GT3I,
(qO(
r
q
?!7
*_xuqA6
3I<
6
P5<
qO*
r,H?!7
y
0¬r23
(
r
W%XqO*amVy
0[?P5<
qO*_x^¡¢q
Q¤rk0[397
y
<>3Qr2,
yT(5*
B
yT(
r
*Mq
02BC,V0:3!740M.
q]x
,V0
q
<H3ﬀ7
yT*
,?r2,
yT(xuq
<H3ﬀ74390¬r2,
6
P5<
q_x
3
(5*
<
qX
Zg
W
£
Ł
  
   
 





P
	 



 

 
  






 	

	









 	



  
^Xqf*
x
*
r1:
q
?
q xuq«x
.
qO6
<
qO(56[Kuq
?
qO(
r=3 7
y
PS0

Pur
xFqf*
.
q
<
qO6
r2,
yT(5(uq
0
q
r
xd¡¢qO(
0
q
GT,
*
rk0
q
08<
qO*
.
q
Bﬁ.
qO(Fq
?
qO(
r
*
,
(
r/.
q
0
qO*2*
3
(
r
*1L56Q¡¢qO*
ro:3o
x
,V0
q
750C.
qO*¬qO(
r23
(
rd<H3
*
,VG
(
3Qr2PS0
q_x^¡
P
(uq
743I,V0
qwxFq
]MP53902_
*
r
y
7t5P
(}*Mq
P5<N<
q
7`r
yT(
,
*My
<.
q
.
qO(uq
02Gp.
q
r2,H]MP
qIL
P
(uq
GI0[3
(Fxuq
.
qO(uq
02GT,
q
rk03
(5*
B
q
0
*Mq
?A3
(
]MP53
(
r
qIL
rk0
y
,
* y
P!]/P53Qrk0
q

q
r
*6"qO(
r23IPCQ .
qO(uq
0G&.
q
r2,>]/P
qO*OL
q
rﬁ3IPA?
y
,
(5*
P
(
?uP
yT(!(uyT(
,
*¬y
<[.
qIWMXq
7
qO(Fx
3
(
r
LQqO(
03I,
*MyT(BxFq
<H3
m
0C.
q
]MP
qO(56"qmxFqO*ﬁ6"y
<H<H,
*
,
yT(5*q
r
xuq
<H3a]MP53
(
o
r2,?rM.
qBx^¡
,
(5mVy
0?E3Qr2,
yT(
:3}<H,V0
qLq
rE:3Drk0[3I,?r
q
0
L
,H<
qO*
r
(
.
qO6"qO**
3I,V0
qxuq
0
qO*
rk0
q
,
(Fx
0
q6"qO*)6"yT(Fx
,?r2,
yT(4*
:3
xuqO* y

q
r
*
74<>P
*d*
,>?!74<
qO*1W^dqO*)6
0,rs:
q
0
qO*xuqx
.
qO6
<
qO(56KFq
?
qO(
r
*MyT(
r

3
*
.
qO*J*
PS0)<H3ﬃ750M.
qO*MqO(56"qx^¡
P
(
<
q
7Fr
yT(«qO(uq
02G&.
q
r2,H]MP
q
6"qO(
rk03I<
q
r
x^¡
3IPﬀ?
y
,
(5*
P
(

q
r.
qO(Fq
02G&.
q
r2,H]/P
qIWT^
3a<HP5?A,
(uyT*
,?rM.
q
,
(5*
r23
(
r23
(
.
q9q
3IPSGT?
qO(
r23
(
r
qO(
?
y
x
qO(5(uq
3®B
qO6
<
q
r
q
?!7
*1L
,H<
qO*
r
(
.
qO6"qO*2*
3I,V0
qBxuq
?
q
rMrk0
q
:3
y
P50U<
qﬀ*
x
*
rs:
q
?
qBxuqx
.
qO6
<
qO(56KFq
?
qO(
r
qO(x
P50
6
,
*2*
3
(
r
6"q
0¬r23I,
(5*
6
0,rs:
q
0
qO*1W

[  E ﬂy\ﬂya-ZNF !ﬂﬁk	ﬂﬁ#ﬂy!ﬂ   ﬂﬁﬁ¤2ﬂyﬀ&$ﬀﬂ	 ﬂya
r
`
(xuq)*9¡
3
x
397Fr
q
0F3IPCQ
6"yT(
rk0[3I,
(
r
qO*xuq
<HP5?E,
(uyT*
,?rM.
q
,
(5*
r23
(
r23
(
.
q9qJ6
0
y
,
*2*
3
(
r
qIL
<
¡
3
(
3I<Vx
*Mq
Pur2,H<>,
*Mqa*Mq
7Fr
B
q
0
*
,
yT(5* xuqO*a6
0,?rs:
q
0
qO*_xuqx
.
qO6
<
qO(56[Kuq
?
qO(
r
W^dqO*
r23

<
q
3IPCQ
?FWzq
r
?UW
750M.
qO*MqO(
r
qO(
r<
qO* x
,cbd.
q
0
qO(
r
qO*)6"y
?ﬀo

,
(
3I,
*MyT(5*
Pur2,><H,
*
.
q9qO*
7
y
PS0{<H3
*
.
q
<
qO6
r2,
yT( 
0PFr
qxuq(uyT*
.
q
Bﬁ.
qO(uq
?
qO(
r
*1W
¥
¶
 
?UW ﬀ
ﬀQQSQu 9"$£D9` B`ﬀ ﬂﬁﬃ ﬁ"!0]ﬁ# us V$"£  w"%QX'&)(]9s*
]a£  ﬁ?"ﬂQ +,¬"`("Q$$SQuﬂ'Q&z-YI.sj*$/zs`/¬ $& J  M"1£Q`(10
23547698;:
g <
:
k =
:
g?>
8
H
8;:
g@ R =
:
g?>
8
H
8A:
gB@.C =
:
g?>
8
H
8A:
gD@
' «e-E F
ﬀﬃﬂ
p
G1H
C IKJML1N O1PRQL1N =)STze RVU R9)"p9= WbeXCU H$p SYTze )
H G
HZU R9)"pS[WbeXCZU RL)p \1]"Wbe R*U RVHpVSWbeXCU$RLHp RL.
H ^
. IKJML1N O1PRQL1N =)STze RVU R9)"p9= WbeXCU H$p SYTze )
H G
HZU R9)"pS[WbeXCZU RL)p \1];e RVU RVH$pS[WbeXCZU RVH$p C R
H
C
RL) IKJML1N O1PRQL1N =)STze RVU R9)"p9= WbeXCU H$p SYTze )
H G
HZU R9)"pS[WbeXCZU RL)p \1];e RVU RVH$pS[WbeXCZU RVH$p RVH
H
R
RR IKJML1N O1PRQL1N =)STze RVU R9)"p9= WbeXCU H$p SYTze )
H G
HZU R9)"pS[WbeXCZU RL)p \1];e RVU RVH$pS[WbeXCZU RVH$p H
^1H
.
RﬀC I	L _R`BQL1N O1PaO b =)STze RVU RR¬p \1]"Wbe R*U RVHpVSWbeXCU C4)"p C).
H G
RL' I	L _c`BQdLZN OZP PaO?N =)STze RVU RR¬p \1]$Wbe RVU RVH$pSWbe R*U CHpVSWbeXCU C4)"p
^
H
H G
^XqO*
6"yT(`x
,?r2,
yT(5*
.
q
<[.
q
?
qO(
r23I,V0
qO*
Pur2,H<>,
*
.
qO*
74390
6"qO*|6
0,?r1:
q
0
qO*8xuqwx
.
qO6
<
qO(56[Kuq
?
qO(
r
*¬yT(
r
x
.
q
`
(
,
*
6
,co
xuqO*2*¬y
P
*1W
<
**MyT(
rd<H,.
qO*
3IPSQ
6
3903
6
rM.
q
0,
*
r2,H]MP
qO*xFqO* y

q
r
*
3IPCQ
(
,VB
q
3IPCQ
^	9L4^py
P
^
¼
W
ﬀfeﬂgDhji%k	l$m"npo
(
r
y
PS0
*ﬁxuqYx
.
qO6
<
qO(56Kuq
?
qO(
r 'rq
!

 

q+ 
ﬃx
3
(5*
<
qﬃ6
3I<
y
0,H?@:
q
rk0
q
.
q
<
qO6
rk0
y
?A39G
(
.
q
r2,>]/P
q
3®B
qO6
h	s.t
@
|
Q;
q

W
Y3
*xuq
Bﬁ.
q
r
y8*
PS0{<H3ﬀ7\390¬r2,
qK
3
x
0
yT(
,H]MP
qIW
ﬀfevuxwyiﬀklm"nyo
£Ge
¥¶
 
?FWwﬀ
ﬀQYQsSQuD?9"+£9`	 F Q% vﬁ	ﬃ?xﬁ!Y9xﬁ# us V$"£   ?)*QQ

&)(]9s*
]a£  ﬁ?"ﬂQ +,¬"`("Q$$SQuﬂ'Q&z-YI.sj*$/zs`/¬ $& J  M"1£Q`(10
23547698;:
g <
:
k =
:
g?>
8
H
8A:
gB@ R =
:
g?>
8
H
8A:
gB@.C =
:
g?>
8
H
8A:
gB@
' «e-E F ﬀ
ﬂ(p
G1H
C J PRQ O b YO J b k R E&H&f¬H	 = Wbe R*U Hp T
$<e R*U k
3
>Qp S[Wbe RVU C)p C4)
H
)
. J PRQ O b YO J b k R E&H&f¬H	 = Wbe R*U Hp T
$<e R*U k
3
>Qp S[Wbe RVU C)p CR
H
C
RL) J PRQ O b YO J b k R E&H&f¬H	 = Wbe R*U Hp T
$<e R*U k
3
>Qp S[Wbe RVU C)p RLH
H
C
RR J PRQ O b YO J b k R E&H&f¬H	 = Wbe R*U Hp T
$<e R*U k
3
>Qp S[Wbe RVU C)p H
H
'
RﬀC J PRQ O N YO J b k R E&H&f¬H	 = Wbe R*U '"p T
$<;e RVU k
3
>QpVSWbe R*U$R9)"p S[Wbe RVU CH$p C).
H G
RL' J PaO PRQ O?N k R E&H&f¬H	 = Wbe R*U Hp T
$<;e RVU k
3
>QpVSWbe R*U$R9)"p S[Wbe RVU CH$p '.
H

RL'
H
C JdPaO PaQ O?N YJ k R E&H&f¬H	 = Wbe R*U Hp T
$<;e RVU k
3
>QpVSWbe R*U$R9)"p S[Wbe RVU CH$p9T
$<;e RVU 
::V693
p R9'
H

(
r
y
PS0
* xFq x
.
qO6
<
qO(56KFq
?
qO(
r ' q
! 
 

q  
 x
3
(5*
<
qO*6
3I<
y
0,>?}:
q
rk0
qO*
3®B
qO6
h
s.t


@
|
Qv
q

W
ﬀﬁﬀﬃﬂ Zm"!#Zm m o
qO*mx
.
q
7 v
y
r
*%$
'
$u¦ zx
3
(5*
<
qO**26
,
(
r2,H<H<H3Qr
q
PS0
*
r q
r
?X xFqO*6K
3I?

0
qO*
:3!?uP
yT(5*|6"y
?!7\3Qr2,

<
qO*
3®B
qO6
P
(uq
rk03&
qO6
r
y
,V0
qﬁxFq
?P
yT(4*
~
x
,
*
r23
(46"q_qO(
'
t !N[W
ﬀ gBh i'&%lKm"nyo
^¡
.
qO(uq
02GT,
qmqO*
r
?
qO*
PS0M.
q9qmx
3
(5*
<H3wr
y
PS0
xFq,x
.
qO6
<
qO(56KFq
?
qO(
r
x
P
^; q
r
q
r
hsat
@
q
r
h
s.t


@
q
r
x
3
(5*
<H3
6"q
<><HP5<
q
B
y
,
*
,
(Fq
<H3 74<>P
*
.
qO(Fq
02G&.
q
r2,H]/P
qIW ^dqO* 6"yT(`x
,?r2,
yT(5* *MyT(
r t
h
e)(

/
+*
T',.-
h
s.t
@
b
h
s.t


@
|nm q
r
h
s.t
@
|
Qv
q

W
ﬀ h0/2143 iﬀk	l5"6!7 n o
8
y

q
r:9<;>=
y
8
xFq@?
=ACBED?rﬃF
q
 HG? Q( JI
x
F
qLK
8
D
q2M
AONAQP¬r:DEP
x
=
8
y
;

P
qYxuqDx
F
q
N v
y
r:9RF
q
8
q
P:STF
q
r:D
?
=
q
9UAC=WV
xuq
9:9:=#9
xd¡
=
8
9
q
=#DEB
q
rYX
y
;ZNAQr:D

B
q
9[A]\
q
X>=
8
q
r'P^A&
q
X"r
y
D_P
qﬁxFq
;<=
y
8
9L`
ﬀ0abrwyiﬀkl$m"n<cdeafbMi%k	l$m"n o
8
XLA
8
x
D
x
AQr:9<F
q
B
q
X"r'P
y
8
9gP
q
X
y
8
9Mr'P^=#D?r:9A	\
q
Xh=
8
ACB_S
y
PD?r:i#;
q,xuq
Xv
y
8
q

kj
 
ª
I
q
rg9^AQr:DE9'lmACDE9:A
8
r
M
A
xuq
9
XHP^D?r
Mq
P
q
9« ??¤ onl
y
P^;
qzxuq
BEApS
q
P
aq)qx
DE;
q
8
9:D
y
8
9mr'P^A
8
9'\
q
P^9
q
9rSsB
y
ACB
qq
r
x
A
8
9rB
q
9
ª
X
y
=#X^i
q
9
x
=OXLACB
y
P^DE;
Mq
r'P
q%t
Ivuxw

(

/
y*
T',
|
j
 ¬zI
$
'

$£¦
¼
y
=v¼ |{zI}u

@
|~

q
U`
ﬀ u)gDw iﬀklKm"npo

=
8
D_\
q
AC=U6zIQ=
8

q
r
q
9Mr
x
F
qLK
8
DﬃNAQP=
8
SCP
y
=N
qxFq
»"qd»r
y
=P^9 'q
!
kj
 |"q
j
 |.X
q
8
r'PWF
q9q
9gAC=Fr
y
=P
xuq
BEAﬃr
y
=P
xuqYx
F
q
XLB
q
8
X^i
q
;
q
8
r
x
=ﬁQ`u @
q
9MrUXLACBEXL=#BJF
q
NAQP<PAQN#N
y
P¬r<AC=X
q
8
r'P
q0x
=
x
F
q
r
q
X"r
q
=P	`

¡
F
q
\gF
q
8
q
;
q
8
r
q
9Mre9ﬃF
q
B
q
X"r:D
y
8#8
F
q
9:D
8
XLA
8
x
D
x
AQr:9w
q
r:9F
q
B
q
X"r'P
y
;4AQS
8
F
q
r:D
?
=
q
9
y
=iA
x
P
y
8
D
?
=
q
9
y
8
r
u"

@
|~Ł q
U`

=
8
D_\
q
AC=&¼zI
8
XLA
8
x
D
x
AQr:98
q
r:9F
q
B
q
X"r'P
y
;4AQS
8
F
q
r:D
?
=
q
9
y
=i#A
x
P
y
8
D
?
=
q
9:9
xuy
D_\
q
8
rBv
q
r'P
q
P
q
X
y
8
9V
r'P^=#D?r:9A]\
q
X=
8
ACB_S
y
P^D?r:i#;
q xuq
Xv
y
8
q

 j
 
ª
A]\
q
X
$
'

 
$ ¦
¼
y
= ¼ |{
q
r
u"

@
|~@ q
UIﬃu
@
F
q
r:A
8
rxXLACBEXL=BF
q
NAQPP^AQN#N
y
P¬rAC=Z\
q
PJr
qH~
NP^DE;4ACD_P
qx
=Zp¼z`

D
8
9:DIQ=
8
F
q
\gF
q
8
q
;
q
8
r
X
y
;ZN
y
9ﬃF
q;x^¡
=
8
F
q
B
q
X"r'P
y
8
F
q
8
q
P^S6F
q
r:D
?
=
q;q
r6=
8

q
r iA
x
P
y
8
D
?
=
q
F
q
8
q
P:STF
q
r:D
?
=
q
N
q
=Fr"9:AQr:DE9'lmACD_P
q
BEAhX
y
8
x
DV
r:D
y
8

u
oq
zIEO»
t
`

  {¤^ﬁ¢!¤ŁZy0[g! ﬁZ  gﬁ¤:xU U	xU
8y
;4;
q_x
F
q
XHP^D?r
x
A
8
9[BEAU9
q
X"r:D
y
8
»z`|z`¼zI}B
¡¢qL
XLACXLD?rzF
qLxuqx
F
q
XLB
q
8
X^i
q
;
q
8
r
q
9¬rXLACBEXL=#BJF
q9q
X
y
;4;
q
B
q
N#P
y
V
x
=D?r
xuq
9N#P
y
A

DEBEDrﬃF
q
9hX
y
8
x
D?r:D
y
88
q
BEB
q
9
xuq
9^AQr:DE9'lmACD_P
q
r
y
=ur
q
9B
q
9hX
y
8
x
D?r:D
y
8
9
M
A4X^i#A
?
=
q
8
D_\
q
AC=Ł9^ACX^i#A
8
r
?
=
q
X
q
BEB
q
9[AC=
~
8
D_\
q
AC=
~
N#PWF
q
XF
q]xuq
8
r:9Y9
y
8
r
x
F
q

M
AZ9:AQr:DE9'lmACD?r
q
9f 
q
rLI#9
y
=9[B
¡
id¡zN
y
r:i
Mq
9
qx^¡
D
8
x
F
q
N
q
8
x
A
8
X
qwxuq
9
y

q
r:9LIXi#A
?
=
q
X
y
8
x
Dr:D
y
8
N
q
=urwv
q
r'P
q
9zF
q
NAQPWF
q9qzq
8
l
y
8
X"r:D
y
8
xuq
9
y

q
r:9hN#P^DE9[D
8
x
D_\WD
x
=
q
B¢B
q
;
q
8
rL`
6AN#P
y
XF
q]x
=P
q
S6F
q
8
F
q
P^ACB
q
N
y
=P
y
r
q
8
D_P4=
8
q
NAQP^AC;£F
q
r'P^D¢9:AQr:D
y
8
xuq
B
¡¢qL
XLACXLD?rﬃF
q xuq x
F
q
XLB
q
8
X^i
q
;
q
8
rpNAQP
W]
y

q
r
q
rNAQPYX
y
8
x
D?r:D
y
8
F
q
BJF
q
;
q
8
r:ACD_P
qLq
9MrhB¢AZ9:=#D_\QA
8
r
q
n
Q`
y
8
9Mr:D?r:=
q
Pg=
8
B
y
r
xuq,xuy
88
F
q9q
9
8
y
8

D¢ACDE9ﬃF
q
NAQPgP^AQN#N
y
P¬rAC=
~
X
y
8
x
Dr:D
y
8
9
xuq,x
F
q
XLB
q
8
Xi
q
;
q
8
r
xuy
8
r
y
8
\
q
=urh;
q
9^=P
q
PhB
¡¢qL
XLACXLD?rﬃF
q
`
z` 
xuq
8
r:D
KFq
PB
q
9
y

q
r:9[P
q
X
y
8
9Mr'P=#D?r:9
q
=
8
q
9ﬃF
q
B
q
X"r:D
y
8
9^=N#NBJF
q
;
q
8
r:ACD_P
q_q
9¬rNAQP:l
y
DE9
8
F
q
X
q
9:9:ACDEP
q%t
`
¼z`

9:9
y
XLD
q
PgB
q
9
y

q
r:9ﬁP
q
X
y
8
9Mr'P=#D?r:9AC=
~zy

q
r:9ﬁAC=
~
8
D_\
q
AC=
~
ﬁQIs6
q
rgp¼z`d
¡
AC9^9
y
XLD¢AQr:D
y
8
q
9MrglmACD?r
q
9
y
D?r[S6F
q9y
;F
q
r'P^D
?
=
q
;
q
8
r
x
A
8
9B
q
NB¢A
8
' q
!
9
y
D?r[NAQP
y
X"r:A
8
r:9YN
y
=PB
q
9;>=
y
8
9[AC=
8
D_\
q
AC=)xQ`
ª
`

ACBEXL=#B
q
PeBEA£lyP^ACX"r:D
y
8
xuq
9
y

q
r:9eP
q
X
y
8
9Mr'P=#D?r:9e9:AQr:DE9'lmACDE9:A
8
reAC=
~
XHP^Dr
Mq
P
q
9
xuqx
F
q
XLB
q
8
X^i
q
;
q
8
r:9
F
q
r:=
x
DF
q
9LI
q
8
l
y
8
X"r:D
y
8
xuq
N9@I '}I
q
r
!
` AZX
y
=P
aqwy
r
q
8
=
q_q
9Mr9
q
8
9:D

B
q
AC=
~HJ
=#X"r:=#AQr:D
y
8
9[9¬r:AQr:DE9V
r:D
?
=
q
9
xuy
8
rYDEBlyAC=Fr9
¡
A }PA
8
X^i#DEP]`
»z`

P
y
=#\
q
PY=
8
q
l
y
8
X"r:D
y
8
X
y
8
r:D
8
=
q>?
=D"AQN#N#P
y
X^i
q
B
q
;4D
q
=
~
N
y
9:9^D

B
q
X
q
rMr
q
X
y
=#P
aq
`
q
9Yl
y
8
X"r:D
y
8
9
xuq
r ¡zN
q
 93< 
q
r  Vj((£Q-©£QQ	 ?£ h9
y
8
rYB
q
9[NBE=9X
y
=#P^AC;4;
q
8
rh=ur:DEB¢DE9ﬃF
q9q
9L`

q
9
K
Ss=P
q
9
?
`|z`EQI
?
`|z`|zI
?
`|z`¼
q
r
?
`|z`
ª
;
y
8
r'P
q
8
r.B
q
9 X
y
=P
-q
9
xuq
 "  
MQ hN
y
=P B
q
9 B
q
NFr
y
8
9
q
rhB
q
9
q
r:9L`
	
?
`|z`E
ﬀ.Y%1!"%2/365)b%1@$G [24A5)M)b79) 7-5)Z%Z=>)CA%('*)CG )CA*3C3?#]RCAs@$A7$# G#&@$A;c6@$#]R
=>)C:^A*2/E$)S!$#1)C3  "WF)CA
:
@$AQ%3?2@$A 79)X:)C:%(!JRS!$3]5)CR(2/:13?2 #*)C: RS)1%1@$A&:13?RC#]2/3V)C:T ¤![1!$24:(:)
7
	 )/.Y%(!%2/365)w7"!$A&:,=\!LR¤5)S$2@$A ﬀﬂﬁ ) F Y)C:13#]Ao)w%1@$A&:<5)9#*)CAQ%C)_79)m=\!z%1@$#]E$)CRC3?#]RS)
79)C:	7-5)C3V)S%3V)C#]RC:DN! G#&@$A&:ZT
 (GeV/c)eTE
0 10 20 30 40 50 60 70 80 90 100
L1
 C
EM
(1,
 11
)
∈
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
 (GeV)eTE
0 10 20 30 40 50 60 70 80 90 100
L3
 S
H
T(
1, 
15
) C
C
∈
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
s;
?
`|z`|
ﬀﬃo.0%1!"%2/3]5)79)7-5)Z%Z=>)CAQ%('*)CG,)CA&3C3?#]RCAs@$Aw79)=	5)=>)1%3?R@$A©)CA
:
@JA%3?2@$AY79),:Z)C:m%1! 
RS!J365)CRC2/:13?2 #*)C:^RS)1%1@$A&:13?RC#]2/3V)C: +*%1@$AQ7$2/3?2@$A"! I$J$# L	%L?L'&zN!X"!$#&%('*)CW¤)C3 K_R`BQ#5L	%cL1N(&zN!7$RS@J2/3V)MT
WO¬
 (GeV)jetTE
0 10 20 30 40 50 60 70 80 90 100
L1
 C
JT
(1,
 5)
 C
C
∈
0
0.2
0.4
0.6
0.8
1
 (GeV)jetTE
0 10 20 30 40 50 60 70 80 90 100
L2
 JE
T(
1, 
10
) C
C
∈
0
0.2
0.4
0.6
0.8
1
 (GeV)jetTE
0 10 20 30 40 50 60 70 80 90 100
L3
 JE
T(
1, 
25
) C
C
∈
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
s;
?
`|z`¼
ﬀ .Y%(!%2/365)m7"),7-5)Z%Z=>)CA%('*)CG )CA*37")C:K¬)C3?:c6@$#]R =\!R¤5)S$2@$AD%()CA*3?R!=>),7$#%1!=\@JRC2/GDN)C3?R1)  

)GF
G
)C3`c6@$#]R =\!E$)CR(:12@$A
J2 PaO PRQ O?N_7$# 7a5)Z%Z=>)CA%('*)CG )CA*3" M)C3?: b+o%1@$AQ7$2/3?2@JA*:K !	PRQ#5L	%N	&BN!"!$#&%('*)CWBPaIKQ# L	%aLZb(&	!$#8G;2?= 2P)C# )C3  xPRI$Q#5L	%
O N(&N!m7$R@$2/3V)MT
s;
?
`|z`
ª­ﬀ$o.0%1!"%2/3]5)C: %1@$G [24A5)M)C:K-h B7$#07-5)Z%Z=>)CAQ%('*)CG,)CA&3;:1#]Rw=>)C:¬)C3?:w)CA
:
@JA%3?2@$A79)w=>)C#6R«5)CAo)CR?$2P) 3?RS!$A&:1E$)CRC:)
RS)S%(@JA*:13?RC#]2/3V))C3c6@$#]RL3?R@$2/:wR¤5)S$2@$A&:L7$# %1!=\@$R(2/GDN)C3?R1)B+%()CA*3?RS!$=>)   

)GF
G
	
W;2/A*3V)CR(G©5)Z7$2?!$2/R1)  ) F
G

  

RF H
	
)C3,[1@$#&%('&@$A
 RF H

  
	
T
C
j
  
   
 





 


	






 

	
 

 


	  

  
8q
rMr
q
NAQPJr:D
q;x
F
q
r:ACDEB¢B
q
B
q
9
qL
XLACXLD?rzF
q
9
xuq
9TXHP^D?r
Mq
P
q
9
xuq
9ﬃF
q
B
q
X"r:D
y
8
IQ9:=PTB
q
9:DES
8
ACBI	=ur:D¢BEDE9zF
q
9"N
y
=PTB
¡
A
8
ACB_¡W9
q
xuq
;
q
9:=P
qxuqMg q
r
	 r
tYM
A

` BE9g9
y
8
r
x
F
qLK
8
DE9
x
A
8
9gBEALr:i
Mq
9
q
`

i#A
?
=
q
XHP^D?r
Mq
P
qq
9MrﬁNPzF
q
9
q
8
rzF
q
IACXLX
y
;ZNAQS
8
F
q
x^¡
=
8
r:A

B
q
AC=OPWF
q
9:=;4A
8
rYB
q
9
qL
XLACXLD?rzF
q
9YP
q
BEAQr:D_\
q
9
xuq
9zF
q
B
q
X"r:D
y
8
`

 
g^ﬁU U	 ﬁ

q
r:A

B
q
AC=

`Ex;
y
8
r'P
q
BEA[NP
y
A

DEB¢D?rﬃF
qg?
=
¡
=
8
F
q
\gF
q
8
q
;
q
8
rr
	 r
x
F
q
XLB
q
8
X^i
q
B
q
9dr'P
y
DE9
8
DE\
q
AC=
~x^¡
ACX
?
=DE9:DV
r:D
y
8
x[6 p¼
xuq
j
`duﬁB¢B
q
99
y
8
rg;
y
¡
q
8#8
F
q9q
9
q
8
l
y
8
X"r:D
y
8
xFq
9
x
D  hF
q
P
q
8
r
q
9ﬁ\
q
P^9:D
y
8
9
x
=
x
F
q
XLB
q
8
Xi
q
;
q
8
r
q
r
xuq
BEAUBE=#;@D
8
y
9:D?rzF
q
D
8
rﬃF
q
SCPWF
q9q
X
y
P:P
q
9'N
y
8
x
A
8
r
q
`uﬁB¢B
q
9 9
y
8
r
xuq
B
¡¢y
P
x
P
qwxuq
¬I¼
¥
N
y
=P[B
q
XLA
8
ACB
q


q
r:9
q
rF¬
j
¥
N
y
=P[B
q
XLA
8
ACB



q
r:9W`

¶
 

`E
ﬀ
ﬂ=Mﬀﬀﬀ9V4.p ?9ﬂﬁ+£ ﬃﬁ`£   ﬁ  ﬃﬁ- Dﬂﬁjr
	
r! #"%$
k
$'&($

0KﬁL)ﬁ$$3  ﬁ7	

VG3`w9*ﬁ` ﬁ
+    ¬p-,'0.,0/10
XLA
8
ACB
q


q
r:9



q
r:9
¼
q
r:9 2
ª

q
r:9 2d¼
q
r:9 ¼ 
q
r:9 2
ª

q
r:9 2F¼
q
r:9
"%3
k
3*&
3

q1¥@t 4
z`>C
4
z`>
4 4
z`>05
4
j
`E
e 4
j
`
ª
j
4
j
`|
e


6
78}:9<;=7"J 7f

¡¢qL
XLACXLD?rzF
qwxuq
9xXHPD?r
Mq
P
q
9
xFq
9ﬃF
q
B
q
X"r:D
y
8
9:=PﬁB
q
\
q
P¬r
qH~
N#PDE;4ACD_P
q8q
9MrxN#PWF
q
9
q
8
rﬃF
qwx
A
8
9gB
q
r:A

B
q
AC=

`|
q
8
l
y
8
X"r:D
y
8
x
=
8
y
;

P
qwxFq

q
r:9
q
r
x
=eXLA
8
ACB
x^¡
A
8
ACBE¡z9
q
`#
q
\
q
P¬r
qH~
N#P^DE;@ACD_P
qmq
9¬rP
q
X
y
8
9Mr'P=#D?r
q
rD
xuq
8
r:D
K
F
q
N
y
=P
q
8
\zD_P
y
8
4 e¥ xuq
9 F
q
\gF
q
8
q
;
q
8
r:9 r
	 r]`
?>

 

`|
ﬀA@CB
% ]s/;ED   ?$?0ﬁYQ;v" ?$ﬀF¬ $9? ]GD*ﬁ   ©? Q3(%©$  ¬H"
*ﬃ,
ﬃﬁ
ﬃD*ﬁ$6.D*ﬁ  AﬁID	J3M < (9]s09B  **ﬁQ K+ 0ﬁQ&]Z0 ﬁX"  6( $ D  ¬&] $ﬂD*ﬁj+$V©ﬂﬁ LD	-(Z0
ﬁ_Mﬁ+$" /<"7P"mG?`_ﬂD0ﬁ`L
+ D   M -,'0 ﬃ10
XLA
8
ACB
q


q
r:9



q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
"
 
q1¥4t 4 e
`
4 4
z`E
4
z`
j
4
{z`
e 4
{z`
4 4
{z`>
CW
  
 ; 

ﬁU7

 
	U 2 



q
r:A

B
q
AC=

`
N
xuy
8#8
q
B
q
9
qL
XLACXLD?rﬃF
q
9
xuq
9zF
q
B
q
X"r:D
y
8
x
=UB
q
NFr
y
8
F
q
8
q
P:STF
q
r:D
?
=
q
DE9
y
BF
q
  D%D*9£ Ib ??¤ 
q
r
xuq
P
q

q
r
xFq
9F
q
\
q
8
r:=
q
BE96AC=Fr'P
q
9 F
q
B
q
X"r'P
y
8
9
q
rT;<=
y
8
9"DE9
y
BJF
q
9LI%X
y
;4;
q	x
F
q
XHP^Dr
x
A
8
9 B
q
9fNAQP¬r:D
q
9#5z`
N
`|
q
r:5z`
N
`
N
`

8
X
y
8
9Mr:AQr
q ?
=
¡¢q
8
\WD_P
y
8
=
8
B
q
NFr
y
8
9^=P
xuq
=
~
9:AQr:DE9'lmACD?rxAC=
~
XHP^D?r
Mq
P
q
9
xuqY?
=#ACBEDrﬃF
q
(??< J`z6AoX
y
8
x
D?r:D
y
8
xuq
\gF
q
r
y
X
y
8
r'P
q
r
y
=urZAC=ur'P
q
B
q
N`r
y
88
¡
A 
q
X"r
q
NAC9UB
q
9RF
q
\gF
q
8
q
;
q
8
r:9Dr
	 r
x
A
8
9<B
q
XLA
8
ACB='B
q
N`r
y
8


q
r:9W`
u
8
K
8
I
q
8
r'P
q<e j q
r8
j ¥ xuq
9xB
q
NFr
y
8
9ﬁ9:AQr:DE9'l
y
8
rxAC=
~
XHP^D?r
Mq
P
q
9
xFq
9ﬃF
q
B
q
X"r:D
y
8
x
D?r:9 Niﬃ¡W9:D
?
=
q
9
q
DE;ZNv=#BE9:D
y
8
r'P^A
8
9'\
q
P^9
q_q
rNv9
q
=
xuy
V P^AQNvD
x
D?rzF
q%t
`
?>

 

`
N
ﬀ @ B
* 9/  ?$ﬀF¬*,D   ?«$?0ﬁQ  <G3 Q4s/( D%D*9£  "  
  (??< J"   9
[ &mG?`"
	

7

   ?- D*ﬁ ﬃﬁ-Sd]mG?FﬁVﬂD  ] < LD*ﬁQ.D0ﬁu ﬂ 9 D K+%"&6 
D*ﬁ "
  
]   D*ﬁu
" 
 
 &oj  Dﬂﬁ`7 ¬0ﬁX"  6( $ LD  ¬&6 $ ﬂD0ﬁ`£$Vmﬃﬁ LD	-(Z0 ﬁ+ 3 ¬ 8"7P"mG?`   :"
	

7


" <ﬁ
+ D   M -,'0.,0/1 ,0C1   "   
  " ﬀﬁ  9 "
	

7

 8] ,'0.,?#E1   "ﬂ
  
0
XLA
8
ACB
q 

q
r:9



q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
"
1ﬃﬁ 
S
q1¥4t e*4
`|
e e
`|
e
z`
ª e
z` 5
e
N
` 5
e
N
`
j
" U T TVS 
q1¥4t
5C{z`
4 ªﬃe
` 5 5Cz`|{ 5
e
`| 5
N
`E 505z`
ª
" +*"!
ﬃ
 q1¥@t 5
j
`
4 ª
N
`E
ªﬃe
`
N
ªﬀ4
`
4 ª
{z`E
ª
z`|
"#
 
T
<q1¥4t 404
`
4
 
jCj

jCj 404
`>
4 404
`
4
{
404
`
4

"#
 
TVS
q1¥4t 404
`
4
{
404
`
4
{
404
`
4
{
404
`
4
5
404
`
4

404
`
4 e


Z $ 	-
f;-:g


 ﬁ&%v:

¡¢qL
XLACXLD?rzF
q
9:=PhB
q
XHP^D?r
Mq
P
qxuq
;>=#B?r:D_NvBEDEXLD?rzF
q_q
8

q
r:9
q
9MrhPWF
q
XLAQNDr:=#BF
q9qzx
A
8
9hB
q
r:A

B
q
AC=

`
ª
`vu
8
\WD_P
y
8

j
¥¨xuq
9RF
q
\gF
q
8
q
;
q
8
r:9Dr
	
r 'B
q
N`r
y
8


q
r:9
y
8
rUAC=;
y
D
8
9ﬁr'P
y
DE9m
q
r:9

D
q
8
P
q
X
y
8
9Mr'P^=#D?r:9
q
r>NAC9:9:A
8
rZB
q
9
XHP^Dr
Mq
P
q
9
xuq
9zF
q
B
q
X"r:D
y
8
xuq
9 
q
r:9L`
?>

 

`
ª_ﬀH@ B
* 9/D)3sﬀF3M"D<  £4>j4 ]s/ﬁﬂﬁ(]9s "('
- )
 

0
D  w $?0ﬁYQ 0)ﬁX")ﬁ$$3  
"7P"mG?`_ﬂD0ﬁ` <ﬁ
+ D   M -,'0X! 10
XLA
8
ACB
q


q
r:9



q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
"ﬂ*
-


S
0
q1¥4t ª
z`E
N
5z`
e e e
`
4 ª
N
`|
N
{z`
N
e*4
` 5


 +U7:  7,ﬀ.-7#} /,0
	0,}

q
9
qL
XLACXLD?rﬃF
q
9
xuq
9ﬃF
q
B
q
X"r:D
y
8
9:=#PTB
¡
F
q
8
q
P^SsD
q
r'PA
8
9'\
q
P^9
q
;4A
8
?
=#A
8
r
q
9
y
8
rTPWF
q
XLAQND?r:=BF
q
9
x
A
8
9B
q
r:A

B
q
AC=

` 5z`gu
8
\WD_P
y
8
05
¥ xuq
9£F
q
\gF
q
8
q
;
q
8
r:9Yr
	 r@9:AQr:D¢9'l
y
8
r4AC= XHP^Dr
Mq
P
qﬃxuq
9zF
q
B
q
X"r:D
y
8
9:=P4B
¡
F
q
8
q
P^SsD
q
r'P^A
8
9:\
q
P^9
q
;4A
8
?
=#A
8
r
q
`
?>

 

` 5
ﬀJ@ B
% 9. w z$"&6.D*ﬁ   m(+%ﬃﬁ-S1w  *ﬁuVQ$9 p*ﬁvG?/0ﬁ`("21
3

D   $?0ﬁ 0)ﬁX"
)ﬁ$$3  _"7VG3`_ﬃD*ﬁ`L
+ D   ¬p-,'0#E10
XLA
8
ACB
q


q
r:9



q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
"41
s
2
q1¥4t

ª
`
N

N
`| 
N
`
4
C{z`| 05z`
ª
05z`>
CC
 
+ ﬁ 	U: , h Zﬁ %v:E[
6AoNP
y
A

DEB¢D?rﬃF
qx^¡
F
q
r:D
?
=
q
r:AQS
qLxuq
9X
q
r:9 NAQP[;<=
y
8
9
q
9Mr
xuy
8#8
F
q9q_x
A
8
9 B
q
r:A

B
q
AC=

`|{z`u
8
\WD_P
y
8
 5
¥
xuq
9UF
q
\gF
q
8
q
;
q
8
r:9 r
	 rxN#PzF
q
9ﬃF
q
B
q
X"r:D
y
8#8
F
q
9[9
y
8
rZF
q
r:D
?
=
q
rzF
q
9LIX
¡¢q
9MrV
M
A V
x
D_P
q
N
y
9^9ﬃF
q]x
A
8
r AC=@;
y
D
8
9ﬁ=
8

q
r4F
q
r:D
?
=
q
rﬃF
q
 `
q
rMr
q
N#P
y
A

D¢BED?rﬃF
q
AC=#Ss;
q
8
r
qﬁq
8
l
y
8
X"r:D
y
8
x
=
8
y
;

P
qxuq

q
r:9N#PWF
q
9
q
8
r:9
x
A
8
9[B
¡
F
q
\gF
q
8
q
;
q
8
rL`
?>

 

`|{
ﬀ @ B
* 9. K+%]mG?`97]¤ " (9]sX.   ED0ﬁu "
i
ﬁ D   ,$?0ﬁ 0 ﬁ  6( $0LD  M ] J
ﬃD*ﬁ`d$$VzﬂﬁLD	-(Z0$ﬁX)ﬁ$"s  "_7VG3`_ﬃD*ﬁ`ﬁ(+ D   ¬ -,0X#E10
XLA
8
ACB
q 

q
r:9



q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
N

q
r:9 2
ª

q
r:9 2
N

q
r:9
"
i
 ! q1¥4t

5z`
e Ge
`|{

{z`
e 
5z` 5

{z`
4 
{z`|
C
N
  
   
  	

 


 


 	ﬁﬀﬂ ﬃ	ﬁ


 "!#!# %$'&(&) +*, %-)./&(&) 1032) 546032) 57-(867#!#9:8<;=2)!>8<./&=7@?"86&A 5BC$D!>86032) 57E-( 57.';,F# "!>7 "!G-) 57HD$D9I86$D;=4< 57J/4<.';K$'4< 57
.';=7> "9>H@A " 571 "!ML(9,A 5-=8<!# 571$DL(95N 57OA "!>86032) "!>$DJ' 'PQ 571-=867#!#9I8<;K2)!>8<./&(7E7>./&R!1BS./&T!#93A " 57% 5&OUV./&(?+!>8<./&W-(2O&)./BX;(9> 
-) YF# "!>7Z/4< 57XA "H@A 5&( 5BS 5&R!>7$5[/$'&T!\ +*)$'?+!# 5BS 5&T! YF# "!"]R^\F_ "!>75]
N
F_ "!>7"]
2a`
F_ "!>7b "!
2
N
F_ "!>7\7#./&R!b9I "L(93A 57# 5&T!TA 57
-) %c=$'2)! 5&d;=$'7 "!e-) 1J/$'2(?Ic( fN$C-)9I./8<!# 'P
g
./2)!# 57M4< 57h-(867#!#9:8<;=2)!>8<./&=77#./&R!h;=$'73A " 5717>2(9e46$i7>86Bj2(46$D!>8<./&k]lN$i4nmo +*)?+ "L(!>8<./&p-) j?+ 5464< 57h?+./&(?+ "9I&($'&T!14< 57
UV./&(-(7bBj2(4<!>8 F# "!>7"]'.';(!# 5&32) 57-(8<9> 5?+!# 5BC 5&R!hN$%L=$D9>!>8<9@-) 57ﬁ-)./&(&A " 57hqr46$%BsA "!>c).,-) G 57>!\-ﬁA 5?+9I8<!# h-($'&(7@46$M!>ckN 57> ']
L=$D9I!>8< Mt3P
`
P vu:PKwx 577# 5?+!>8<./&(7 "yi?"$'?+ 57Ez@qV{}|{Iuﬁ2)!>864~867TA " 57\L./2)9?+ 57-(8~7#!#9I8<;=2(!>8<./&(7@7#./&T!?+ 5464< 57BS 57>2(93A " 57L=$D9
46$SBsA "!>c(.3-) X-) 1HT9:$'867# 5BX;=46$'&(?+ %-($'&=74< 57E?"$'&($'2,*_ \F# "!>7>S "!i_Y\F_ "!>7I,P
 "9>!>$'86&) 57l-(867>!#9I8<;=2)!>86./&(7kL(9,A 5-(86!# 57b$DL(9"N 57XA "!>86032) "!>$DJ' GL(9,A 57> 5&R!# 5&T!@-km86BSL.'9>!>$'&T!# 57l=2(?+!>2=$D!>8<./&(7ZD 5464< 57
./&T!EL./2)9.'9I8<J/8~&) 14< %BC$'&(032) %-) %7#!>$D!>8~7#!>86032) 1L./2)9E4< 57UV./&(-(7 F# "!E "!Ea^GF# "!>7"P
^'^'t
  	
	



ﬁﬀ
ﬂﬃ 
selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.70
selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
24
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.90
selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.90
selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98
!#"%$'& (
P*)DP*) + ,.-JA/-10
243
5
0
57698;:
@$A=<?>
5@8;ACBEDGFAH5@IKJ
@CL
:
-@M?N
J
N
8
3
5
JO5
0QP
3
5
0
5Q698;:
@JASR
 (GeV/c)selec eTp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.76
 (GeV/c)selec eTp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.24
 (GeV/c)selec eTp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
9
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99
 (GeV/c)selec eTp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)selec eTp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#"%$'& (
P*)DP ^ + ,.-JA/-10
243
5
0
57698;:
@$A=<?>
5@8;ACB D TVU
M
I
0
A
N@JA
8;:
-$A
A7WC5@:VA95	JO5
0QP
3
5
0
5Q698;:
@JASR
^'^/X
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.31
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#"%$'& (
P*)DP

+ ,.-$A?-10
243
5
0
5Q698;:
@$A=</>
5@8;A1B D TVU
M
I
0
A
N@$A
8;:
-JA
A7WC5@:@A95 J 5@A
>
5@8;A
R
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.83
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.92
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#" $ &(
P*)DP
`
+ ,.-JA/-10
2K3
5
0
5Q698;:
@$A </>
5@8;ACB	DSFA95@IKJ
@1L
:
-VM?N
J
N
8
3
5 JO5@A
>
5@8;A
R
^'^
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
35
40
45  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.32
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#"%$'&(
P*)DP t
+ ,.-$A?-10
243
5
0
57698;:
@$A=<?>
5@8;ACB	D 
@
U#U 5 A@6
-10 -CN
:75#J 5@A
3
5
A
5@:
N
5@A 8;:
-$A
AVWC5@:VA95@A JO5@A
>
5@8;A	

R
 (GeV/c)totTH
0 100 200 300 400 500
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
35
40
45
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)totTH
0 100 200 300 400 500
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)totTH
0 100 200 300 400 500
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)totTH
0 100 200 300 400 500
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
9
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)totTH
0 100 200 300 400 500
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#"%$'& (
P*)DP XG+ ,.-$A?-10
243
5
0
5Q698;:
@JA=</>
5@8;ACB D 
@
U'U	5 A@6
-10 -CN
:Q5 J 5@A
3
5
A
5@:
N
5@A	8;:
-$A
AVWC5@:VA95@A J 5@A
@ >
5@8;A A
3
5
0
5Q698
N@$A&A
3
5@A

>
5@8;A
0
5
M
8
@$A

3
5
A
5@:
N
58;:
-$A
A7WC5@:VA95 U
-$A
I
-$A
8 5




R
^'^ﬀ
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.89
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.61
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
9
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.97
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.34
!#"%$'& (
P*)DP 
+ ,.-$A?-10
243
5
0
5Q698;:
@$A=</>
5@8;A1B D 
A
5@:
N
5 8;:
-$A
A7WC5@:VAH5'U
-$A
I
-$A
8 5 




R
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.70
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.63
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
9
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#" $ &(
P*)DP ﬀ + ,.-JA/-10
2K3
5
0
5Q698;:
@$A </>
5@8;ACB D
-
A7A95 8;:
-JA
A7WC5@:@A95 JCI :Q5Q6
@JA
A78;:@I
N
8 	




R
^'^
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.95
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.28
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.72
!#" $ &(
P*)DP	
+ ,.-$A?-10
2K3
5
0
5Q698;:
@$A </>
5@8;ACB	D 
M/0 -JA/-
:
N
8
3
5
R
!#" $ &(
P*)DP*) + -$A?-10
243
5
0
57698;:
@$A=<?>
5@8;ACB	D 
M
3
5@:
N
6
N
8
3
5
R
^


Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
10
20
30
40
50
60
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.22
Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.97
Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.87
Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98
!#"%$'& (
P*)DP*)/) + ,.-JA/-10
243
5
0
57698;:
@$A=<?>
5@8;ACB D  :
-N
A95@U
H0 -$A
6@5
8
@VM6@10\@

N
I 5
R
  	
	

ﬁﬀ
ﬂ ﬃ 
µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
24  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99
µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98
µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.97
µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
N
b.
 P
re
se
l. 
Ev
en
ts
0.5
1
1.5
2
2.5
3
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
9
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#"%$'& (
P ^3P*)5^ + ,.-JA/-10
2
U#I
@$A=<?>
5@8;ACB DFAH5@IKJ
@CL
:
-@M?N
J
N
8
3
5JCI
U'I
@$ASR
^

)
 (GeV/c)µselec Tp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.23
 (GeV/c)µselec Tp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.10
 (GeV/c)µselec Tp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)µselec Tp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
0.5
1
1.5
2
2.5
3
3.5
4
4.5
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)µselec Tp
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#"%$'&(
P ^3P*)

+ ,.-$A/-C0
2
U'I
@JA=</>
5@8;ACB#D TVU
M
I
0
A
N@$A
8;:
-JA
A7WC5@:@A95 JCI U#I
@$ASR
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
35
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.87
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.50
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)jetTp
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
24
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#" $ &(
P ^3P*)
`
+ ,.-$A?-10
2
U#I
@$A </>
5@8;ACB D TVU
M
I
0
A
N@JA
8;:
-$A
AVWC5@:VA95 J 5@A
>
5@8;A
R
^

^
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.85
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99
jetη
-3 -2 -1 0 1 2 3
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99
!#"%$'&(
P ^3P*)5t + ,.-$A/-C0
2
U'I
@JA=</>
5@8;ACB#D FA95@IKJ
@1L
:
-@M?N
J
N
8
3
5 J 5@A
>
5@8;A
R
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
10
20
30
40
50
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
22
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.24
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
0.5
1
1.5
2
2.5
3
3.5
4
4.5
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)TH
0 50 100 150 200 250 300 350 400
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.94
!#" $ &(
P ^3P*) X + ,.-JA/-10
2
U#I
@$A </>
5@8;ACB D  
@
U#U	5ﬂA@6
-10 -CN
:Q5#J 5@A
3
5
A
5@:
N
5@A 8;:
-$A
A7WC5@:VAH5@A#J 5@A
>
5@8;A		 

R
^
 
 (GeV/c)totTH
0 100 200 300 400 500 600
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.14
 (GeV/c)totTH
0 100 200 300 400 500 600
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.67
 (GeV/c)totTH
0 100 200 300 400 500 600
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98
 (GeV/c)totTH
0 100 200 300 400 500 600
N
b.
 P
re
se
l. 
Ev
en
ts
0.5
1
1.5
2
2.5
3
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
 (GeV/c)totTH
0 100 200 300 400 500 600
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.92
!#"%$'& (
P ^3P*)  + ,.-JA/-10
2
U'I
@JA=</>
5@8;ACB D  
@
U#U 5 A@6
-10 -CN
:75 J 5@A
3
5
A
5@:
N
5@A 8;:
-$A
AVWC5@:VA95@A J 5@A
@ >
5@8;A A
3
5
0
5Q698
N@$A&A
3
5@A

>
5@8;A
0
5
M
8
@$A

3
5
A
5@:
N
58;:
-$A
A7WC5@:VA95 U
-$A
I
-$A
8 5




R
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
35
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.95
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
0.5
1
1.5
2
2.5
3
3.5
4
4.5
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98
 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#" $ & (
P ^3P*) ﬀ + ,.-$A?-10
2
U#I
@$A </>
5@8;ACB D  
A
5@:
N
5 8;:
-$A
A7WC5@:@A95'U
-JA
I
-$A
8 5  




R
^

`
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30  ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.11
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
8
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.48
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
0.5
1
1.5
2
2.5
3
3.5
4
4.5
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
)2 (GeV/cWTM
0 20 40 60 80 100 120 140
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.66
!#"%$'&(
P ^3P*) 
+ ,.-JA/-10
2
U#I
@$A </>
5@8;ACB D
-
AVA95 8;:
-$A
A7WC5@:VA95 JCI  :75Q6
@$A
A78;:VI
N
8 	 




R
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
10
20
30
40
50
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
5
10
15
20
25
30
35
40
45
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.91
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.95
Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#"%$'&(
P ^3P ^ 
+ ,.-$A/-10
2
U#I
@$A </>
5@8;ACB D 
M/0 -$A?-
:
N
8
3
5
R
^

t
!#" $ &(
P ^3P ^ ) + ,.-JA/-10
2
U#I
@$A </>
5@8;ACB D 
M
3
5@:
N
6
N
8
3
5
R
Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
10
20
30
40
50
60
70
80
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
12
14
16
18
20
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.81
Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
1
2
3
4
5
6
7
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
0.5
1
1.5
2
2.5
3
3.5
4
4.5
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N
b.
 P
re
se
l. 
Ev
en
ts
2
4
6
8
10
 ljets→ttbar 
 ll’→ttbar 
Single Top
µµ →Z 
ττ →Z 
VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00
!#" $ &(
P ^3P ^'^ + ,.-$A?-10
2
U#I
@$A=<?>
5@8;ACB D   :
-CN
A@6V5@U
H0 -JA
6V5 8
@ M6@10\@

N
I?5
R
^

X
   
	 


ﬃ   

 



  

 

 	




ﬁﬀ 




    
 "!#!# GL=$D9>!>86 93A 57>2(BS h4< 57@$'2)!#9> 57ﬁ$'&($'4<[,7# 57\-( GBS 57>2)9I E-) Gz@qV! |!}uEN$
(
P3./&T!\-A "!>$'86464}A " 572(&(8~0T2) 5BC 5&R!
4< 57$'&($'46[37# 572)!>8~46867>$'&T!ﬁ2(&( h462=BC86&)./7>86!TA M86&T!TA "J'93A " %L(9>.,?Ic) 1-) M?+ 5464< 1-) M4nm$'&($'46[37# 1-) M46$j!>ckN 57# ']) "!E-)./&T!4< 57
-)./&=&ﬁA " 57%./&T!pA "!TA i9> 5?+./&=7#!#9I2(8<!# 57 $5H' 5? 2(& ?+.,-) -) S9> 5?+./&=7#!#9I2(?+!>8<./& ?+./BSL=$D9I$D;K4< qTu:Plw@m$'?"?+ 5&T! 7# "9I$
BC8~77>2)9G4< 57EL(9I86&(?"86L=$'4< 57-(8<y ?"2(46!TA 57G-) 4nm$'&($'46[37# '](7I2)9G46$SBsA "!>c).,-) -xmo +*3!#9I$'?+!>86./& -) %4~$S7# 5?+!>8<./&  "yi?"$'?+ 
 "!G7I2)9E46$S7# 5&(7I8<;=864686!TA M-) %46$SBC 57>2)9> 'P
w  57%A "H@A 5&) 5BS 5&T!>7@!
|
!l7# ?"46$'7>7# 5&T!b7# 54<./&j4< 57%A "!>$D!>7ﬁﬀ=&($'2,* 7>2=8<H $'&T!>7q U P L=$D9>!>86 \!>cA ".'9I8< )DP

uﬁZ_!#./2)!bc($ﬃﬂ
-)9I./&(86032) 5,]k#4< "L(!#./&K\F# "!>7>,]Q_!>$'2K\F# "!>7>% "!\-=864< "L(!#./&(8~0T2) 5,]'?+ h0T2(8)8~BSL=4686032) -) 57\7>!#9I$D!TA "J/8< 57ﬁ7>LA 5?"8ﬀ=032) 57
-) 19I 5?Ic) "9I?:c) -km A "H@A 5&) 5BS 5&T!>7e!_|!G "!G-) BS 57I2)9> 1-) 46$S7> 5?+!>8<./&d "y ?"$'?+ 'P
 
 !
ﬃ

"
	
ﬃ

 
	
	 
 

$#

" 
&%(' 

w\m A "!>$D!)ﬀK&($'4E?+./&(7>8~-ﬁA "93A -($'&(7i?+ ?"$'&($'4e 57#! ?+./&=7#!>8<!>2A ']$'2L(9> 5B 8< "9C.'9I-)9I +*-,]\-( 7>8 * F# "!>7i-)./&T!
-) 52)*MF_ "!>7-) .P= 57 F_ "!>77>./&R! A 5&) "9>JQA "!>86032) 57 "!!# 5&(-( 5&R! N$)/ "!#9> 1?+ 5&R!#9:$'2,* PK "!#!# %7>8<J/&($D!>2)9I G9> 5?:c) "9I?IcA " 
86BCL=4686032) 46$pL=93A 57# 5&(?+ -) 57 L=9>.3?+ 57I7>2(7SBj2(4<!>8 F# "!>7 qV "!C  F# "!>7 -=$'&(7S2(&) dBS./86&=-)9> dBS 57>2)9I u ?+./B BS 
;(9:2(8<!>7-) 1UV./&(-dL(9I8~&(?"8<L=$'2,*P
0
ﬀ=&-( 7TA "L=$D9> "9f4< 57 A "H@A 5&) 5BS 5&T!>7f!_|!i-) 57 L(9>.,?+ 57>7>2(7C-( U ./&=-k]\-) 57i?+9I8<!+N "9> 57 7>2)L(L=4}A 5BC 5&R!>$'8<9I 57C-) 
73A 54< 5?+!>86./& 7#./&T!e$DL(LK4686032ﬁA 57"P21 4~7E2)!>86468~7# 5&R!4< 1Ur$'8<!G032) 4~$S!#.'L./4<.'J/8< -(2 7>8<J/&($'4 57#!h-(843GA "9> 5&R!# j-) ?+ 54646 %-) 57
;(9:2(8<!>7\-( hUV./&(-kP,wx 57HD$D9I86$D;=46 57ﬁ7>2=8<H $'&T!# 577#./&T!E2)!>86468673A " 57eZ)7#./BCBS 17>?"$'4~$'8<9> M-) h4 m A 5&( "9>J/8< M!#9I$'&(7#H' "9:7# 1-) 57
F# "!>76587@]./2)H' "9>!>2)9I dq:9<;>=@?=IuG 5&T!#9> C4< 571-) 52)*SF_ "!>7OA "!>8~0T2) "!3A 578.]7>L=cﬁA "9I86?"8<!3A ']x?+ 5&T!#9I$'468<!3A '] $DLK46$'&($D9I8<!3A 'P
(
 
L=4~2(7"]=N$%46$1-(83GA "9> 5&(?+ e-) 57 A "H@A 5&( 5BS 5&R!>7Bj2(4<!>8 F# "!>7"]/4< 57 A "H@A 5&) 5BS 5&T!>7!
|
!\7#./&T!ﬁ?"$D9I$'?+!3A "9I8~7TA 57ﬁLK$D9ﬁ46$ML(9,A 57> 5&(?+ 
-) e;./7#./&(7-A  "!-( e032($D9CB,7\{EDGF ]T032kmo./&f?Ic) "9:?Ic) CN$ 9I 5?+./&(7#!#9I2(869> GL./2)9$'B A 5468<.'9> "94< G9I F_ "!-) 57;(9I2(86!>7@-) 
UV./&(-kP
 "!#!# C$'&($'4<[,7# j&A 5?+ 57I7>8<!# 46$ ?+./&(7#!>86!>2)!>8<./&p-km2(&p4<.'!1-km A "H@A 5&( 5BS 5&R!>7jBj2(4<!>8 F# "!>7G "!HA JILK"{NMON$ Xi./2
CF# "!>7 -)./&T! -) 52)*O.PQPﬁ& L(9I$D!>86032) ']@46$W?+./&T!#9I8<;=2(!>8<./&a-) 57C;=9I2(8<!>7 -) dUV./&(-a 57#! .';(!# 5&T2( sN$WL=$D9>!>869C-) 57
-)./&=&ﬁA " 57"]ﬁN$d?"$'2(7# C-) 5718~&(?+ "9>!>8<!>2(-( 57e7>2(9%4< 57ML(9>.,?+ 57>7>2(7MBj2(4<!>8 F# "!>7CN$dc($'2)!# CBj2(4<!>8<LK4686?"8<!3A ']= "!X-) S46$ !#9"N 57
Ur$'8<;=4< M7#!>$D!>867>!>860T2( h 5& A "H@A 5&) 5BS 5&T!>7G  ;
|
;kPSRQ./2)9E.';(!# 5&=8<94< 57E-(867>!#9I8<;=2)!>86./&(7\?"86&A 5B $D!>860T2( 57-) 57UV./&(-(7"]
7# 52=467\4< 57iA "H@A 5&) 5BS 5&T!>7XN$ X%./2 F_ "!>7-) hJ'9I$'&(-( h86BCL=2(467>86./&S!#9I$'&(7#H' "9:7# h7>./&R!?+./&(7>8~-ﬁA "93A 57"])$'2,*,032) 54677#./&T!
$DL(LK4686032ﬁA 57x-) 57YL ./8~-(7x$'2jc($'7>$D9I-k] $Tﬀ=& -( ﬁ7>86Bj2(4< "9Y4nmo "y ?"$'?"8<!3A -km A "!>86032) "!>$DJ' 'PUR\462=7x +*)$'?+!# 5BS 5&R!"]'?+ 57QL./86-(7
7#./&T!%L=$D9:$'B A "!#93A 57  5& UV./&(?+!>8<./& -( C4nm86BSL=2=467>8<./& !#9I$'&(7#H' "9:7# i-) 57F_ "!>75]  "! -) i4nmo./2)H' "9>!>2)9I q:9&;
=V? =
uh 5&T!#9> 
4< 57-) 52)*1F_ "!>7?:c)./867>8~7?+./B BS A "!>$'&R!dA "!>8~0T2) "!3A 57W.PSPﬁ&2ﬀ=&k]346$X&(.'9IBC$'46867I$D!>8<./&i-( 57L(9>.,?+ 57>7>2(7-) MUV./&(-(7ﬁ 57#!
^


 3 5?+!>2ﬁA " N$ L=$D9>!>869-=2 7>L  5?+!#9I h 5&dB $'7>7# 186&TH $D9I8~$'&R!# 1-(84ﬂ F# "!>7&)./& A "!>86032) "!TA 57 Z)4< 1&)./BX;(9> M-km A "H@A 5&) 5BC 5&R!>7
-) d;=9I2(8<!>7 -) UV./&(-  "! -) -)./&(&A " 57i-)./8<! / "!#9> 46 B / 5BS -($'&=7C46$pL=46$DJ' 

X'tK
	R]@0T2=8 57#!
7>2(y 7>$'BCBS 5&T!iA 54<./8<J/&A " -( %46$ BC$'7>7# -=2i;./7#./&+A P)w  5793A 57>2(4<!>$D!>7e-) 1?+ "!#!# XBsA "!>c).,-) -xm A "HD$'462($D!>86./& -(2
&(86H' 5$'2d-) 57;(9I2(86!>7ﬁ-) 1UV./&(-d7>2(946 57-)./&(&A " 57E7#./&T!E86464~2(7#!#9,A 577>2)9E46$ ﬀ(J/2(9> 6PEP*)DP*)DP=wY$S&).'9IBC$'468~7>$D!>8<./& -) 57
UV./&(-(7 57#!E?+.'9>9I 5?+!# 'PM&d-(867>!>86&)J/2) h&) "!#!# 5BS 5&T!G2(&  +*,?DN 57e-km A "H@A 5&) 5BS 5&T!>7CN$j 5&RH,8<9>./& ﬀ h  ?ML./2)946$
-(8~7#!#9I8<;=2(!>8<./&C 5& B $'7>7# -(8ﬂ F_ "!>7

]) "!jN$G) Dth  ?  L./2)9E46$S-(8~7#!#9I8<;=2(!>8<./&  5& BC$'7>7# %!#9:84ﬂ F_ "!>7

=

P
!#"%$'&
PGP*)DP*) +ﬀﬂN
A78;:
N
I 8
N@JA
A 5
A
U
-
A7AH5
N4A
W
-
:
N*-$A
8 5 ﬂﬁﬃﬁ 
@
:VU
3
5 5 JO5#J 5@I!
>
5@8;A
A@$A
3
5@8
N
I 5@8
3
5@A


"
-

-
IK6

5
  5@8
$#%ﬁ&ﬁ
-
WC576 8
@
I 8 5@A
0
5@A 6
@
U
9N/A/-N
A
@$A
A'
@
:VU
3
5 5@A J
P
I
A >
5@8
3
5@8
N
I 5@8
3
5

5@8 JO5J 5@I!
>
5@8;A
A@JA
3
5@8
N
I?5@8
3
5@A

("
-
JC:
@CN
8 5
*),+-/.
R
w  ﬁ&(8<H' 5$'2X-) 57YU ./&(-=7x 57#!Q$'4<.'9I7Q?+./&(&T2xPw $e7# 5?+!>8<./&X "y ?"$'?+  57#!Q +*3!#9I$'86!# MN$eL=$D9>!>8<9 -( ﬁ46$GU .'9IBj2(4< ﬁ?"46$'7>7>86032) 
7>2=8<H $'&T!# SZ
z10 ? 0325476ﬃ8:9
;<
0
<>=
476ﬃ8:9
?A@CB
D
6&8:9FEHGﬂIJEHK
4
6&8L9
;<
0
<
 57#! 4< &)./BX;(9> a-km A "H@A 5&) 5BC 5&R!>7s-($'&(7p4< 57p-)./&(&A " 57 93A " 5464< 57W7>$D!>867>UV$'867I$'&R!p!#./2(7W4< 57p?+9I86!+N "9I 57 -) 
73A 54< 5?+!>86./&M
4N6&8L9
?A@OB
 57>! 4< &(8<H' 5$'2  57#!>86BsA O-) 57S;(9I2=8<!>7S-) UV./&(--($'&=7C4< 4<.'!i-) -)./&(&A " 57 7TA 54< 5?+!>8<./&(&A " 575P
1_4x 57#!e 57#!>86BsA jL=$D9M4< 57GBsA "!>c).,-) 57M-A 5?+9I8<!# 57M$'2)LK$D9I$5HD$'&R!PM
DHQAR
8:6ﬃ8:9
 57#!h4nmo "y ?"$'?"8<!3A S-) j7TA 54< 5?+!>8<./&p-(2 7I8<J/&($'4nP
1_4 L(9> 5&(-f$'2(7>7I8K 5&d?+./BCL(!# %46$jL "9>!# M 5& A "H@A 5&) 5BS 5&T!>7e!_|!E0T2(87# "9IH' 5&R!XN$S?+./&(7>!>8<!>2) "9E4< 574<.'!>7E-( h;=9I2(8<!>7-) 
UV./&(-(7ML=$D9WA "!>860T2( "!>$DJ' $'4}A 5$D!#./8<9I 3MPS8; 57#! 46 C9I$DL(L.'9>!%-kmo 5BX;(9I$'&=?Ic) 5BS 5&T! -) 57 L=$'8<9> 57 -) S!#.'L -($'&=7%4< 
?"$'&($'4G_!#./2)!Gc($'-)9I./&(86032) 5j "!
K
 57>!G46$S462(B 86&)./7>8<!3A 186&T!TA "J'93A " j-) 57G-)./&(&A " 57"P
RQ./2)9ﬁ2(&) BC$'7>7# E-( E0T2($D9(BX!#.'L -( 
UTWVﬃX
2 ) DtY6K
	A/]/46$17> 5?+!>8<./&S "y ?"$'?+ h$ A "!3A MBS 57>2)9,A " N$[Z 
`]\
Z
z@qV!_|!}u32 )5^_^*)`
`
^	)qr7>!>$D!:u*`
`
^ X)qr7>[37#!:u*` a^ ﬀ)qr462(B 8 uﬁL(;
w  57186&(?+ "9>!>86!>2(-) 57M7#[,7#!TA 5BC$D!>86032) 57 032(8l$ﬃ3  5?+!# 5&T!X4~$ BC 57>2)9> S7#./&T! 468}A " 57 N$d46$d?+./&=&($'867>7>$'&=?+ -( 571 "y&ﬂ
?"$'?"8<!3A 57X-) C7TA 54< 5?+!>8<./& -=2W7>8<J/&($'4qVL(9>.,?+ 57>7>2=7 *-, ./2b>*-,\u qH)dcCu:] -( C46$f?"$'468<;(9I$D!>86./&O-( 57ﬁF_ "!>7 qH)5t]c u:]
-) %4 m A "!>8~0T2) "!>$DJ' -) 57QF# "!>7XqH) ﬀ]c u:PKw $ ?+./&R!#9I86;=2)!>8<./&d-)./B 86&($'&T!# %-) %4nm86&(?+ "9I!>8<!>2(-) 17#[,7#!TA 5BC$D!>86032)  57>!G468}A " 
N$ 46$ BC.3-A 5468~7>$D!>8<./&  "!SN$f46$i7#./2(7#!#9I$'?+!>86./&O-( 57GUV./&(-(7 qn^'t]cCu:P P\&O 3 "!"]46 X&(8<H' 5$'2O-) 57hUV./&(-(7e 57#!e 57>!>86B A 
N$WLK$D9>!>8<9C-) -)./&=&ﬁA " 57  5&)9:86?Ic(86 57  5& A "H@A 5&) 5BC 5&R! !
|
!CL=$D9 4~$ 7TA 54< 5?+!>8<./& !#.'L ./46.'J/860T2( 'PQRQ./2)9CL(9> 5&=-)9> f 5&
?+./BSL=!# %4< 57;=86$'86786&T!#9>.,-(2(8<!>7ﬁL=$D9E?+ "!#!# 73A 546 5?+!>8<./&k](L=4~2(7>8< 52)9:7\?+./BX;=86&($'867>./&(7-) MH $D9I8~$D;=4< 57!#.'L./4<.'J/86032) 57
7#./&T! ?+./&(7>86-A "9,A " 57SL./2)9j46$OBS 57>2)9> f-) 46$ 7> 5?+!>8<./&s "y ?"$'?+ 'P
(
843GA "9> 5&T!# 57C7# 5?+!>86./&(7j "y ?"$'?+ 57C7#./&T!j$'46.'9I7
BS 57I2)93A " 57"]( "!G4 m A 5?"$D9I!Eﬂ ! [3L  j 57#!E-)./&=&ﬁA ?+./BCBS 8~&(?+ "9>!>8<!>2(-( 'P
^

ﬀ
  !
ﬃ

ﬃ "
	
ﬃ

 
	
	 
   
ﬁﬀ
ﬂﬃ 
w\m A "!>$D! ﬀK&($'4) 57#!4< eB / 5BS h0T2( e?+ 5462(8=?+./&(7>86-A "9,A M-($'&(7ﬁ4< 57\$'&($'46[37# 57-A 5?+9I8<!# 57-($'&(7ﬁ46$1!>ckN 57# '],4< h4< "L(!#./&
A "!>$'&T!X2(& A 54< 5?+!#9I./&W./2 2(&WBj2)./&kPxwY$dL(9,A 573A 54< 5?+!>8<./&x] ?Dmo 57#!Eﬂ}N$ﬃﬂ -(8<9I 46$f9> 5?:c) "9I?Ic( -km A "H@A 5&) 5BC 5&R!>7 -) S! [TL 
;./7#./& A 4< "L(!#./&=860T2( $'?"?+./BSL=$DJ/&A -xm$'2 BS./8~&(7 !#9I./8671F# "!>7"] 57#!f86-) 5&T!>86032) N$s?+ 5464< p-ﬁA 5?+9I8<!# p-($'&(7 46$
!>ckN 57# 'P wx 57eB A "!>c).3-( 57G-km A "HD$'462($D!>8<./& -) 57E&(8<H' 5$'2)*f-) U ./&(-=7E7#./&T! A "J/$'4< 5BS 5&T!h4< 57GB / 5BS 57"]lN$ 4nmo +*,?+ "L=!>8<./&
-) 57EL(9>.,?+ 57>7>2(7C F_ "!>7E032(8k7#./&T!GBS./8~&(786BSL.'9>!>$'&T!>7"P
w  57i$'&=$'4<[37> 57i7>2=8<H $'&T!# 57 -(843QN "9I 5&R! L=$D9i4~$ BsA "!>c).,-) p-) O73A "LK$D9I$D!>8<./& -(2 7I8<J/&($'4E "!f-) 57i;(9I2(86!>7C-) 
UV./&(-(7XZ 7>./8<!eLK$D9h4nm A "!>86032) "!>$DJ' C-) 57\F# "!>76.1L=$D9146$i9> 5?Ic( "9I?Ic) S-) jH' "9>!# +*p7# 5?+./&(-($'8<9I 57h-A "LK46$'?=A 57"]x7#./8<!hL=$D9
4nm2(!>8646867>$D!>86./&i-) 1HD$D9I86$D;K4< 57!#.'L./4<.'J/86032) 57E-(867I?+9I86BC86&=$'&R!# 57"P
	
 ﬀﬂﬁﬃ! 	"#ﬃ$&%'("*)ﬃ,+
RQ./2)9b?+ "!#!# E$'&($'46[37# ']D4< 4<.'!l-km A "H@A 5&) 5BS 5&T!>7@L=93A 57TA 54< 5?+!>8<./&(&A 57\ 57#!Y 5&(9I86?Ic=8R 5&jL=$'8<9I 57 !_|!  5& 9> 5?Ic) "9:?Ic($'&T!
2(&f./2 -) 52,*XF_ "!>7>.v]A "!>8~0T2) "!3A 57eL=$D9G46$ L=93A 57# 5&(?+ -) 1H' "9I!# +* 7# 5?+./&(-($'8<9I 57YZ Dt
\
P
 "!#!# XBsA "!>c).,-) -km A "!>860T2( "!>$DJ' jL "9IBC "!G-kmo.';(!# 5&(869G2(&) %LK2)9> "!TA X 5&A "H@A 5&) 5BC 5&R!>7M!_|!eL=462(7J'9:$'&(-) 032) 
?+ 54646 O-) p4nm$'&($'46[37# p-($'&(7 46$s!>ckN 57# 'P Pﬁ&RH,8<9>./& t't]c-) 57 A "H@A 5&) 5BC 5&R!>7 !_|!f7>./&R! A "!>86032) "!TA 57"]G?+./&T!#9> )  c
L./2)94nm A "!>86032) "!>$DJ' %L=$D9EBj2)./&kP
(
 %B / 5BS ']K4< M!>$'2,*f-( MB $'2)H $'8~7# 186-) 5&T!>8ﬀ=?"$D!>8<./&f-) F# "!>74:A "J' "9I7G-=$'&(74< 57
A "H@A 5&( 5BS 5&R!>7X WF# "!>71 57#! -( C2(& F_ "! 7I2)9
 
,] ?+./&T!#9> 2(&iF# "!%7>2)9 )5t dL./2)9%4 m A "!>8~0T2) "!>$DJ' iL=$D9%Bj2)./&kP
w  5786&(?+ "9>!>8<!>2=-) 57ﬁ7>!>$D!>867#!>86032) 577# "9>./&T!L=462=7\Ur$'8<;=4< 575]3$'86&=7>80T2) 14< 578~&(?+ "9>!>8<!>2(-( 57ﬁ7#[,7#!3A 5BC$D!>86032) 57e468:A " 57$'2
&(86H' 5$'2d-) 57EUV./&(-(7"P
wY$E7# 5?+!>8<./&% "y ?"$'?+ ﬁ 57>! BS 57>2)9,A " ﬁ-) \46$B / 5BS BC$'&(8nN "9> ﬁ0T2) ﬁ?+ 5464< @2)!>864~867TA " @-($'&(7x4~$!>cN 57# 'PwY$EB A "!>c).,-) 
-) H39I$'867I?+ 5B ;=4~$'&(?+ $5H' 5? L=$D9I$'BdN "!#9> 57 -) &32(867>$'&=?+ -)./&(&) 4< 9,A 57I2(4<!>$D! 7>2=8<H $'&T!"]ﬃL./2)9

TWV X
2 ) Dt 6K
	ASZ
z@qV!
|
!+u 2 X_^ X7` a^	)qr7>!>$D!b 7>[37#!:u` a^
`
qr462(BC8VuﬁL(;
wY$ ﬀ(J/2)9I JPEP ^3P ^ BS./&T!#9> 46$ ?+./BSL./7>8<!>8<./&  5& 7>86J/&($'41 "!O 5& ;(9I2=8<!>7 -) U ./&(- -(2 4<.'!O-km A "H@A 5&) 5BC 5&R!>7
73A 54< 5?+!>86./&(&ﬁA 57"]= 5& 2)!>8646867I$'&R!46$S7# 5?+!>86./&d "y ?"$'?+ !_|!eBS 57>2)9,A " 'P
w  57i8~&(?+ "9>!>8<!>2(-( 57C7#[,7#!TA 5BC$D!>86032) 57f7>2)9i4~$ 7# 5?+!>8<./&  "y ?"$'?+ W7#./&T!i4< 57 B / 5BS 57f032) ?+ 5464< 57 -) O4nm$'&($ﬃﬂ
4<[,7# O-($'&(7 46$ !>ckN 57# 'PEw  57i8~&(?+ "9>!>8<!>2(-( 57i468}A " 57WN$ 4nm A "!>86032) "!>$DJ' W-) 57 F_ "!>7 . ?+./&=?+ "9I&) 5&T! BC$'8~&R!# 5&($'&T!d4< 57
L=$D9:$'B A "!#9I867>$D!>8<./&=7-( 57 "y ?"$'?"8<!TA 57G-km A "!>86032) "!>$DJ' ']( "!E&(./&iLK462(74nm-) 5&T!>8ﬀ=?"$D!>8<./& -) 57Bj2)./&(7-($'&(74< 57 F# "!>7"P
Pﬁ464< 57x9I "L(93A 57# 5&T!# 5&R!@46$h-) 52,*)8nN 5BS 7#./2)9:?+ -km8~&(?+ "9>!>8<!>2(-( eqnt]cCu:]}F>2(7#!# $DL(9"N 57b?+ 5464< 57l7>2)9l4nm A "HD$'462($D!>8<./& -(2j&(84ﬂ
H' 5$'2S-) 57lUV./&(-(7lMF# "!>7EqQX]cCu:]' "!@$vH $'&T!\?+ 5464< 57l7>2(9l4~$h?"$'4~8<;(9I$D!>8<./& -) 57=F# "!>7Gq

cCuY "!@7>2(9l4 m86-) 5&T!>8ﬀ=?"$D!>8<./&
-(2d46 "L(!#./& q

cCu:P
	- ﬀ.(/0!12!3&34ﬃﬃ65'7859!5'%! 	
RQ./2)9C?+ "!#!# $'&($'4<[,7# ']b4< d4<.'!C-km A "H@A 5&) 5BC 5&R!>7iL(9,A 573A 54< 5?+!>8<./&=&ﬁA 57C 57#!S 5&)9:86?Ic(8 5& L=$'869> 57j!
|
!SJ'9ﬃ/$'?+ sN$p46$
!#.'L./4<.'J/8< L=$D9>!>8~?"2(468nN "9> f-) d?+ 57 A "H@A 5&) 5BC 5&R!>7 Zot't
\
Zot
` \
Z ?X
\
P\ "!#!# BsA "!>c).,-) d$W4nm$5HD$'&T!>$DJ' -) d&) L=$'7
9> 5?:c) "9I?:c) "9ﬁ +*,L=468~?"8<!# 5BS 5&T!@-) 57kF# "!>7 .E-($'&(7@4< 57SA "H@A 5&) 5BC 5&R!>7!
|
!"]T "!ﬁ-)./&(?G7"m$ﬃ3 9:$'&(?Ic(8 -) G4~$%?+./&(&($'867I7>$'&(?+ 
-(2f9:$DL(L.'9>!-kmo 5B ;=9I$'&(?Ic( 5BS 5&R!G!;: ;xP
<
&) U ./&=?+!>8<./& -) HT9I$'8~7# 5B ;K46$'&(?+ ?+./B ;=8~&($'&R! L=4~2(7>8< 52)9:7WH $D9:86$D;=4< 57 !#.'L./4<.'J/86032) 57q@587 -ﬁA ﬀ=&(8< 
L(9,A 5?KA 5-) 5B BS 5&R!"]1?+ 5&T!#9I$'468<!3A ']1$DL=46$'&=$D9I8<!TA ']eBC$'7I7# !#9:$'&(7#H' "9I7# s-) 57CF_ "!>7"]h "! 7>./BCBS -( 57 ?"$D9>9,A 57W-( 46$
L=7> 52(-).Tﬂ 9I$DL=8~-(8<!TA 1-) 57QF# "!>7>=@?a5u:P
^


!#"%$'&
PGP ^3P ^+ @
U

:75 J
P
3
5@W
3
5
A
5@U	5
A
8;A A
N
U
M?0
5@U	5
A
8
3
5@8
N
I 5@8
3
5@A 
"
-

-
IK6

5
 5@8 J
@
I
H0
5@U 5
A
8
3
5@8
N
I 5@8
3
5@A ("
-
JC:
@CN
8 5

5
A

@$A
698
N@$A
JCI
AQ@
U

:Q5'J 5
>
5@8;AJ 5
0QP
3
5@W
3
5
A
5@U 5
A
8
M6@
I :8
@
I A
0
5@A 6
-$A/-
IA!
2K3
5
0
5Q698;:
@$A </>
5@8;ACB	5@8
2
U'I
@$A=</>
5@8;A1B'6
@
U
L
9N/A
3
5@A
R
5@A
3
5@W
3
5
A
5@U 5
A
8;A
-
WC5Q6 I
AL@
I J 5@I!
>
5@8;A
M
5@:VU	5@8;8 5
A
8 J 5W
3
5@:
N 
5@:
0
5
1@$A
6
@$A
8;:
@C0
5'J 5@A1
@$A
JCA 8
-$A
J
N
A

I 5
0
5@A
3
5@W
3
5
A
5@U	5
A
8;A'J 5
M/0
I A
K-
I48 5U#I
0
8
N M/0 N
6
N
8
3
5 A95@:VWC5
A
8
-
I 6
-C0
69I
0
J 5
0 -
A95Q698
N@$A
5 6
-
6V5
R
./&R!#9I$'869> 5BS 5&T!1N$ 4nm$'&($'46[37# M-A 5?+9I8<!# 1-($'&=74~$ !>ckN 57# '](4~$j7> 5?+!>8<./&  "y ?"$'?+ % 57#! +*,!#9I$'8<!# 1-(8<9> 5?+!# 5BC 5&R! N$
L=$D9I!>8<9h-=2W-(867>?+9I8~BC86&($'&T!E!#.'L./4<.'J/86032) 'Pkwx 571-(8~7#!#9I8<;=2(!>8<./&(7 5&pH39I$'867>?+ 5BX;=46$'&=?+ -=2O7I8<J/&($'4Q "!%-) 57MUV./&(-(7
7#./&T!?+./&(&T2( 57"], 5464< 57ﬁ./&R! A "!TA OA "H $'462A " 57G7>2)9-) 57CA "H@A 5&) 5BS 5&T!>7G7>8~BX2(4}A 57ﬁ "!4< 57-)./&(&A " 579,A " 5464< 575P,wY$X7>./BCBS 
-) j?+ 57M-(867#!#9I86;=2)!>8<./&(7-)./86!e-)./&(&( "9e?+ 5464< X.';=7# "9>H@A " S-($'&(7h4< 57G-)./&=&ﬁA " 57"Pkw $CUV9I$'?+!>8<./&O-km A "H@A 5&( 5BS 5&R!>7 ?+.'9Nﬂ
9> 57>L ./&=-($'&R!$'2d7>8<J/&($'4
	
T T
 "!$'2,*i;(9:2(8<!>7-) MU ./&(-  57#!4< h9,A 57>2(46!>$D!E-km2(& $F#2(7>!# 5BS 5&R!E-=2 -=867>?+9I86B 86&($'&T!
!#.'L./4<.'J/86032) 7>2)9b4< 57b-(./&(&ﬁA " 57b9,A " 5464< 575PURY./2(9\$'2)J/BS 5&T!# "9\4nm$'?"?+ "L(!>$'&=?+ ']T$'2(?"2(& ?+9I86!+N "9I G-) 7TA 54< 5?+!>8<./&i&kmo 57#!
86BCL ./73A 'PKwx 7#L 5?+!#9> X 5&R!>86 "9e-(2 -=867>?+9I86B 86&($'&T! 57>!e2)!>864~867TA 1L./2)9G46$C?"$'4~?"2(4 -) 57GL(9>.'L.'9>!>8<./&=7-) 7>8<J/&=$'4k "!
-) ;(9I2(8<!>7 -) UV./&(-kP Rl$D9f?+./&(73A 5032) 5&R!"]4< 57i86&(?+ "9>!>8<!>2=-) 57 7#!>$D!>8~7#!>86032) 57 $D!#!# 5&(-=2) 57i7>./&R!iUV$'8<;K4< 57"P@w $Jﬀ2ﬂ
J/2)9I HPEP ^3P

BS./&T!#9> 4< 9,A 57>2=4<!>$D!h-( X?+ "!M$F#2(7>!# 5BS 5&R!1-) 57h-(867I?+9I86BC86&=$'&R!>7!#.'L./4<.'J/86032) 57h7>2)9h4< 57G-)./&=&ﬁA " 57
9,A " 54646 57"P(w $C7> 5?+!>8<./&d "y ?"$'?+ BS 57>2)9,A "  57#!G$'4<.'9I7G-)./&(&A " %L=$D9 Z
zF0
?
0 2
4
6&8L9
0 0
D
6&8:9
EHGﬂIJEHK
 "!WHD$'2)!"]1L./2)9W2(&) BC$'7I7# -) a0T2=$D9CB!#.'L -( 
UTWVﬃX
2 ) Dt 6K
	

]1 "!WL./2)9 4< 57W-) 52)* ?"$'&($'2,*
TA 54< 5?+!#9>./& \F_ "!>7IC "! #Bj2)./&K\F# "!>7>C?+./BX;=86&A 57 Z
z@qV!_|!}u 2 X_^
` 



qr7#!>$D!:u*` a^ ,qr7#[,7#!:uP` a^
`
qr462(BC8 uﬁL=;
w  57186&(?+ "9>!>86!>2(-) 57h7#[37>!TA 5B $D!>860T2( 57%7>2)9146$f7# 5?+!>8<./&p "yi?"$'?+ 468}A " 57 N$d46$ L(9,A 573A 54< 5?+!>86./& -) 57OA "H@A 5&( 5BS 5&R!>7
7#./&T!%4< 571B / 5BS 57 0T2) S?+ 54646 571-($'&(7146$ !>ckN 57# ']xLK2(867>032) 46$ L(93A 57TA 54< 5?+!>8<./&  57#!%86-) 5&T!>86032) 'P w  57%86&(?+ "9I!>8<!>2(-) 57
468}A " 57MN$%46$1?+./&(&=$'867>7>$'&(?+ e-) G4nm A "!>86032) "!>$DJ' M-) 57F# "!>7 .7#./&T!@9> 5BCL=46$'?=A " 57\LK$D9ﬁ?+ 5464< 57\468:A " 57hN$%4~$%?+./&(&($'867I7>$'&(?+ 
-) 57 -(867#!#9I86;=2)!>8<./&(7 !#.'L./4<.'J/86032) 57x-( 57xUV./&(-(7\qH)dcCu:PDwx 57Y$'2)!#9> 57Y86&(?+ "9>!>8<!>2=-) 57x7#[,7#!TA 5BC$D!>86032) 57Q-)./BC86&($'&T!# 57
7#./&T! 468}A " 57dN$ 46$ BS.3-A 54~867>$D!>8<./& -( 57%UV./&(-(71  F_ "!>7fq
`
cCuM "!XBX2(46!>8 F_ "!>7iq
`
cCuM "!dN$ 4nm86-( 5&R!>8ﬀK?"$D!>8<./&W-(2
4< "L=!#./& q
`
cCu:P
^
`

!#"%$'&
PEP ^3P

+
F:
@ M6@
:V8
N@$A
J 5 A
N

A/-10
5@8.JO5

:@I
N
8;A J 5'
@$A
J'J
-$A
A
0
5@A
J
@$A*A
3
5 5@A5
A

@$A
698
N@$A
J 5
0 -
W
-10
5@I : JCI J
N
A@69:
N
U
N/A?-$A
8 8
@ M6@10\@

N
I 5
R
 
   !
ﬃ

"
	
ﬃ

 
	
	 

 ﬁﬀ
ﬂﬃ 
 "!#!# E$'&($'4<[,7# -( BC 57>2)9> -) 46$M7# 5?+!>8<./&  "y ?"$'?+ G!
|
!l-=$'&(7l4< ?"$'&($'4b_!>$'2K\F# "!>7>M 57#!b$'7>7# E-A 54~86?"$D!#  5&
9I$'8~7#./&C-) E46$ -(8<y ?"2(46!TA XN$X86-) 5&T!>8ﬀ( "9@?+ "!#!# M7>8<J/&($D!>2(9> L=$D9IBC8=4< 57@-(843GA "9> 5&T!>7\;(9:2(8<!>7b-) UV./&(-k]/ "!SA "J/$'4< 5BS 5&T!
 5& 9I$'867#./& -) X46$C9> 546$D!>8<H' 5BS 5&T!hUV$'8<;K4< %7#!>$D!>867#!>8~0T2) 'Pkhmo 57#!h?+ "L  5&=-($'&R!h2(&) BC 57>2)9> %!#95N 57M86&T!TA "9> 57>7>$'&T!#  5&
9I$'8~7#./&a-) d7>$W7# 5&(7I8<;=864686!TA N$W46$W&)./2(H' 5464< fL=cT[37>8~0T2) ']b&).'!>$'B BS 5&R!pN$W46$OL(93A 57# 5&(?+ -( d; ./7>./&(7S-) h8<J'J/7
?:c($D9>JYA 57jq U P)L=$D9I!>8< 1!>cﬁA ".'9I8< ^3P ^/u:P
wY$ 7I8<J/&($D!>2)9> 9> 5?Ic( "9I?IcA " W 57#!f46$s7>2(8<HD$'&T!# Z  
\
Z$'2 BS./8~&(7 032($D!#9> F_ "!>7 A 5&) "9IJYA "!>8~0T2) 57d-(./&R!f2(&
A "!>86032) "!TA .jLK$D9 H' "9>!# +* 7# 5?+./&=-($'8<9> '] 2=&) SJ'9I$'&(-) A 5&( "9>J/8< !#9:$'&(7#H' "9I7# iBC$'&(032($'&R!# i-(2) $'2,* &) 52(!#9I86&)./7
867I7>2(7S-(2a;./7#./& A  "!i-) 46$ -A 57>86&T!TA "J'9I$D!>8<./& -(2 4< "L(!#./&]ﬁ "!i2(&46 "L(!#./&Pw $W9> 5?+./&=7#!#9I2(?+!>8<./&  "!
4nm8~-) 5&R!>8 ﬀ=?"$D!>8<./& -) ?+ i-) "9:&(8< "9  57>!X$'7>7# f-(8<yi?"864< S 5& 9I$'867#./& -) 57X-=8<H' "9I7# 57X7>8<J/&($D!>2)9I 57X-) 57X4< "L(!#./&(7	P
1_467%7#./&T!%9> 5?:c) "9I?:cﬁA 7#./2=7 4< 52)9 U .'9IBC c($'-)9>./&=860T2( ']$TﬀK& -km A "H,8<!# "9j46 5719> 5?+./2)H39> 5BS 5&T!>7X$vH' 5?i46 57 ?"$'&($'2,*
#4< "L=!#./&K\F# "!>7>,P 1 4679> 57I7# 5B ;K4< 5&R!$'4<.'9:7U .'9>!# 5BC 5&R!XN$ -) 57YF# "!>7"])?Dmo 57#!L./2)9I032)./8 46$ 7TA "L=$D9I$D!>8<./&d 5&T!#9> 
  "!
F# "!>7 57#!E 3 5?+!>2A " N$C4nm$'86-) %-( %-(867>?+9I8~BC86&($'&T!>7\!#.'L./4<.'J/8~0T2) 57E;=$'7TA 57G7>2(9G-) 579,A 57# 5$'2)*d-( %&) 52)9>./&) 575P
w  57CA "H@A 5&) 5BS 5&T!>7-) h;(9I2(8<!>7\-) GUV./&(-(7\L(9>.vH,8< 5&(&( 5&R!ﬁL(9I86&(?"86L=$'4< 5BS 5&T!@-km2(&) hBC$'2)HD$'867# G8~-) 5&R!>8 ﬀ=?"$D!>8<./&
-(2d46 "L(!#./&d032(8 57#!E 5&dH@A "9I8<!3A 2(&XF_ "!"PKwx 57EL=9>.3?+ 57I7>2(7Bj2(4<!>8 F# "!>7?+./&(7#!>8<!>2( 5&R!G-(./&(?14< 57;(9:2(8<!>7-) 1UV./&(-
L(9:86&(?"8<L=$'2)*j-) M?+ "!#!# %$'&($'4<[,7# 'P,wx h!>$'2,*i-) MBC$'2)HD$'867# M86-) 5&T!>8ﬀ=?"$D!>8<./&i-)   57#!BS 57>2(93A M7I2)9-( 57ﬁ-)./&=&ﬁA " 57
9,A " 54646 57"]) 5&)9I86?:c(8< 57 5& A "H@A 5&( 5BS 5&R!>7hBj2(4<!>8 F# "!>7"P 1 4~77> "9>H' 5&R!G 5&(7>2(8<!# CN$  57#!>86BC "9G46$jU 9:$'?+!>8<./&d-km A "H@A 5&) 5BC 5&R!>7
Bj2(4<!>8 F# "!>7-($'&(746 57E-)./&(&A " 57e7TA 54< 5?+!>8<./&(&A " 57"]?+./BCBS L ./2(9E4< 57E$'&($'4<[,7# 57E-=$'&(74< %?"$'&($'4e#4< "L(!#./&K\F# "!>7>,P
0
?+ M7>!>$'-) h-( h46$j73A 54< 5?+!>8<./&x],46 e9I$DL=L .'9I!ﬁ7>8<J/&=$'4K7>2(9ﬁ;(9:2(8<!\&kmo 57>!ﬁL=$'77>2(y 7>$'&T!"P
<
&f-(867>?+9I8~BC86&($'&T!b!#.Tﬂ
L./4<.'J/86032) @ 57>!Q$'4<.'9:7YBC8~7  5&XL=46$'?+ %N$GLK$D9>!>8<9l-) 57 HD$D9I86$D;K4< 57 7>2=8<H $'&T!# 57ﬁZ ?+ 5&T!#9I$'468<!3A ']/$DL=4~$'&($D9I8<! [']7#L=cA "9:86?"8<!TA ']
587 -ﬁA ﬀ=&(8YL(9,A 5?=A 5-) 5BCBS 5&T!1 5& [ $F_./2(!>$'&R!14< 57eL(9>.'L(9:8:A "!TA 57M-(2]EA 5&( "9>J/8< S-(867#L./&(86;=4< M-($'&(7h46$ ?+./464~867>8<./&

MR]/HD$D9I86$D;=4< -)  U .'9:B A " e-) 57@B $'7>7# 57@9I 5?+./&(7#!#9I2(86!# 57@-) 57@?"$'&(-=86-($D!>7 A  "!@{EDGF ]R86BSLK2(467>8<./&X!#9I$'&(7>H' "9I7# 
 "! 7I8<J/&(8ﬀ=?"$'&=?+ f-=2aH' "9>!# +*-ﬁA "L=46$'?KA p-(2 F_ "!aA "!>860T2( "!TA .P\wx 57C-=867#!#9I8<;K2)!>8<./&(7j-) ?+ -=867>?+9I86B 86&($'&T!X7#./&T!
BS./&T!#9,A " 57h7>2)9E46$8ﬀ(J/2(9> PEP

P
`
L./2)9E46 57E-)./&(&A " 57"]K4< %7>8<J/&($'4 "!e4< 57;(9I2=8<!>7-) 1UV./&(-kP
wY$S7# 5?+!>8<./&  "y ?"$'?+ XBS 57I2)93A " -($'&(7G4< %?"$'&($'4E_!>$'2KﬁF_ "!>7>  57#!%Z
z@qV!_|!}u 2t_^*)
   

  
qr7#!>$D!:u*` a^ ,qr7#[,7#!:uP` a^

qr462(BC8 uﬁL=;
^
`
)
D0 Run II preliminary,
 349 pb -1
The final NN output
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10
10
20
30
40
50
60 Data
t  t
  W+jets
QCD  multijet
KS Probability: 0.999941
!#" $ &
PEP

P
`
+
F:
@ M6@
:V8
N@$A
JO5	A
N

A/-C0
5@8J 5

:@I
N
8;A
J 5a
@$A
J#J
-$A
A
0
5@A J
@$A*A
3
5 5@A 5
A

@JA
698
N@$A
J 5
0 -
W
-C0
5@I4:
JCI J
N
A@69:
N
U
N4A/-$A
8 8
@ M6@10\@

N
I?5
R
w\mo "9>9> 52)9!#.'!>$'4< X7>2)9?+ "!#!# BS 57>2(9> M 57#!E-)./BC86&A " 1LK$D946 5786&(?+ "9>!>8<!>2=-) 577#!>$D!>867#!>86032) 57 M)?Dmo 57#!e2(&) M$'&($ﬃﬂ
4<[,7# b032(8DL 52)!k;A 5&ﬁA ﬀ=?"8< "9Q-) @4nm$'?"?+9>./867I7# 5BS 5&T! -) @46$462=BC86&)./7>86!TA b86&T!TA "J'93A " 'P w  57x86&(?+ "9I!>8<!>2(-) 57k7#[,7#!3A 5BC$D!>86032) 57
L(9:86&(?"8<L=$'46 57h7>./&R!j468:A " 57fN$ 46$ ?"$'4686;(9I$D!>8<./& -( 57F# "!>7 qH)dc u1 "!dN$ 46$ ?+./&=&($'867>7>$'&=?+ i-(2 &=8<H' 5$'2 -( 57%UV./&(-(7
L(9:86&(?"8<L=$'2)* BX2(46!>8 F_ "!>7%q
`
c u "!E q : 

ux F_ "!>7 q
`
c u:P
 
 !
ﬃ

ﬃ "
	
ﬃ

 
	
	
"
%C
  


w  57 A "H@A 5&) 5BS 5&T!>7a!_|! -($'&=7 4< ?"$'&($'4i-=864< "L(!#./& 7#./&R!s-) 57s7>8<J/&($'2,* !#95N 57sL(9>.'L=9> 57"P wY$ 7>86J/&($D!>2)9> 
9> 5?:c) "9I?:cﬁA "  57#! ?"$D9I$'?+!3A "9I8673A " L=$D9 46$ L(9,A 57# 5&(?+ -( p-( 52,* 4< "L(!#./&=7d-) O?:c($D9>J' .'L=L ./73A " '] A 5&) "9IJYA "!>8~0T2) 57
 "!G8~7#./4:A 57"]=-km2=&) %86BSL.'9>!>$'&T!# OA 5&) "9>J/8< X!#9I$'&(7#H' "9:7# BC$'&(032($'&T!# ']( "!e2=&d./2 -) 52)* F# "!>7G-) X0T2($D9(B37W.P=w\m86& ﬂ
?+./&TH@A 5&(86 5&R!l 57#!b4< UV$'86;=4< \9:$DL(L.'9>!Y-kmo 5BX;(9I$'&=?Ic) 5BS 5&T!Eq
GﬂI
qV!_|! :ﬃ464 ;
|
;Ku 2 ) ^*)(cCu L=$D9lUr$'BC86464< ﬁ-) 46 "L(!#./&kP
w  57 ;=9I2(8<!>7x-( \UV./&(- 7#./&T! L=9I86&(?"8<LK$'4< 5BS 5&T!x4< 57xL(9I.3?+ 57>7I2(7 bq :ﬃ4
|
4~u+EF_ "!>7"]6bq :  =u+EF# "!>7x "!l-(8<;./7#./&(7"]
BC$'8~74< 57L(9>.,?+ 57>7>2=7$5H' 5?XUV$'2,*d4< "L(!#./& 867#./4}A qV F# "!>7E "!GBj2(4<!>8 F# "!>7:uﬁ&) 7>./&R!ELK$'7E&ﬁA "J/468<J' 5$D;=46 57"P
w  57!# 5?Ic(&=860T2( 57E-km A "H $'4~2($D!>8<./& -) 57UV./&(-(7$vH' 5?%Ur$'2,* 46 "L(!#./&d867#./4}A 1 "!G-( 57U ./&(-=7$5H' 5?%Ur$'2(7>7> A 5&( "9>J/8< 
!#9I$'&=7#H' "9I7# OBC$'&(032($'&R!# p7#./&T!i7>8~BC8646$'8<9I 57 N$ ?+ 54646 -A 5?+9I8<!# p-($'&(7i46$ !>ckN 57> 'P
(
 57f-)./&(&A " 57i 5&)9I8~?Ic(8< 57  5&
A "H@A 5&( 5BS 5&R!>7 C F_ "!>7./2 BX2=4<!>8 F# "!>77# "9>H' 5&T!jN$C032($'&R!>8 ﬀ( "9E?+ 57EUV./&(-(7"P
RQ./2)9L=$'464~8< "9\$'2fBC$'&(032) e-( e7#!>$D!>867>!>860T2( ']R./&f-(867#!>8~&)J/2) E4< 57$'&($'4<[,7# 57ﬁL ./2(9ﬁ4< 57>032) 54646 57\-) 52,* 46 "L(!#./&(7
7#./&T!e?"4~$'8<9> 5BS 5&T!e86-( 5&R!>8ﬀA 57 Z  ﬀ
\
 "! Z  
\
]K "!h46 57G$'&($'4<[,7# 57 #4< "L(!#./&KM!#9I$'?+ 5 L./2)9h4< 57>032) 5464< 57G4< 57G?+9I86!+N "9I 57
-km8~-) 5&R!>8 ﬀ=?"$D!>8<./& 7>2)9E2(&f4< "L(!#./&d7>./&R!9> 54 /$'?IcA 57YZ ﬀ 
\
P
<
&) 1UV./867?+ 57E$'&($'4<[,7# 57 3 5?+!>2ﬁA " 57"]  5464< 577#./&T!E?+./B8ﬂ
;=8~&ﬁA " 57S 5&R!#9I ﬂ  5464< 57 N$ 4 m$'86-) d-) 46$WBsA "!>c).,-) 
G
w
<
PqVL ./2(9	
>*ﬀ
ﬁﬃﬂ
 ﬀ"!#$%$#uﬀZ ﬀ )
\
P
 "!#!# %BsA "!>c(.3-)  57#!9> 5032(867# M 5&f9I$'867>./&d-) 57U .'9I!# 57E?+.'9>9,A 546$D!>8<./&=7 5&R!#9I 4< 57-(843GA "9> 5&T!>7E?"$'&($'2,*f-km$'&($'4<[,7# 
qr?+9I86!+N "9I 57G-) %73A 54< 5?+!>86./&  "!E;K86$'8677#[,7#!TA 5BC$D!>86032) 57e&(.'!>$'BCBS 5&T!:u:P
'&"
  (" 3 9 ﬀ,/&3 )(+* #-,/.0*2131), ﬃ4*/51),
RQ./2)91$'2)J/BC 5&R!# "9%4nm$'?"?+ "L=!>$'&(?+ C-(2p7>8<J/&($'4 ]K46$ 7TA 54< 5?+!>8<./&W&) 9> 5032(8< "9I!GL=$'7M-) GF_ "!>7OA "!>8~0T2) "!3A 57 .P Rl$D9
?+./&T!#9> ']2(&) 73A 54< 5?+!>86./& !#.'L./4<.'J/8~0T2) X$'-($DL(!TA " N$i?:c($'0T2( X?"$'&($'4Y 57#!M$DL(L=4686032A " 'P=wY$<ﬀ(J/2)9I PEP
`
P t BS./&T!#9> 
4< 57&(./B ;(9I 57E-km A "H@A 5&) 5BC 5&R!>7h.';=7# "9IH@A 57SN$S4nm867>7>2( M-( %?+ "!#!# j73A 54< 5?+!>86./& !#.'L./4<.'J/86032) 'P
wY$17# 5?+!>8<./&  "y ?"$'?+ G 57#!@BC 57>2)9,A " N$MLK$D9>!>8<9@-) E46$1BsA "!>c(.3-) e-) HT9:$'867# 5BX;=46$'&(?+ E-A 5?+9I86!# G-($'&(7b46$M!>ckN 57> 'P
Pﬁ464< 1-)./&(&) '])L./2)94< 57G?"$'&($'2,* ?+./B ;K86&ﬁA 57 #-(8ﬂ A 546 5?+!#9>./&(7>S "!i#-(84ﬂ Bj2)./&(7>fZ
z@qV!
|
!+u 2t_^ X

  


 6
qr7#!>$D!:u
 
87
 9
qr7>[37#!:uP` a^
`
qr462(BC8VuﬁL(;
^
`
^
!#"%$'&
PEP
`
P t +  @
U

:75 J
P
3
5@W
3
5
A
5@U	5
A
8;A A
3
5
0
5Q698
N@$A&A
3
5@A A
3
5
0
5Q698
N@JA*A
3
5@A 5
A

@JA
698
N@$A
JCI
A@
U

:75 J 5
>
5@8;A
M6@
I4:
0
5@A
6
-$A?-
I!
2
J
N;L
3
5
0
5Q698;:
@$A
ACB ("
-

-
IK6

5
 
2
J
N;L
U#I
@$A
A1B 
-
I 6V5
A
8;:Q5

243
5
0
57698;:
@$A=<
U#I
@$A
B ("
-
J:
@CN
8 5

R
 "!EL./2)9E46 M?"$'&=$'4GRA 54< 5?+!#9>./&K1BX2)./&= Z
z@qV!_|!}u 2 )a^
` 
  


  
qr7#!>$D!:u   
87


qr7#[,7#!:u ` a^ ,qr4~2(BC8 uﬁL(;
w  57e8~&(?+ "9>!>8<!>2(-( 57E7#[,7#!TA 5BC$D!>86032) 571-)./BC86&=$'&R!# 57e7#./&R!M468}A " 57SN$i4~$ ?+./&(&($'8~7>7>$'&(?+ j-(2 &(86H' 5$'2 -) 57eUV./&(-(7
q )5t]c u:]lN$C4nm8~-) 5&R!>8 ﬀ=?"$D!>8<./&f-) 57E4< "L=!#./&(7 q ﬀ]cCu "! N$C46$S?"$'468<;=9I$D!>8<./&d-) 57QF# "!>7 qQX]cCu
'&"-  (" 3 9 / 3" 9*/9!#7"ﬃ653 ﬃ6 /8,
w  57\?+9I86!+N "9I 57-xm86-) 5&T!>8ﬀ=?"$D!>8<./&C-xm2(&C-) 57ﬁ4< "L(!#./&(7\ 57#!ﬁ86?"8=9> 54 /$'?:cﬁA 'P
0
46$%L=46$'?+ G-km2=& -) 52,*)8nN 5BS G46 "L(!#./&k]
4nm$'&=$'4<[37> 9> 5032(8< "9>! 7# 52(4< 5BS 5&T!i2=&) !#9I$'?+ OH@A "9:8ﬀ=$'&T! -) 57 ?+./&(-(86!>8<./&(7 ?+./B BS O4 m86BSL=2(4~7>8<./& !#9I$'&(7>H' "9I7# 
 "!C4nm8~7#./46$D!>8<./&kP\ 54~$pL  "9:BS "!C-km$'2)J/BS 5&T!# "9 4nm$'?"?+ "L=!>$'&(?+ -(2a7I8<J/&($'4n]l "! -km$DL=L=4686032) "9 -) 57C?+9I8<!"N "9> 57i-) 
73A 54< 5?+!>86./& L=4~2(7S7TA "HKN "9> 57 L=$D9 $'86464< 52(9I7"P P\&  3  "!"]?+./&R!#9I$'869> 5BS 5&T!i$'2,* $'2)!#9I 57 $'&($'4<[,7# 57i-($'&(7C4< ?"$'&($'4
#-(8~4< "L(!#./&(,])864 57#!bF#2(-=86?"8< 52,*i-( 19> 5?Ic) "9:?Ic) "9h-) 57QF# "!>7 A "!>86032) "!TA 57 . qVL=$D9GH' "9>!# +* 7# 5?+./&(-($'869> 57:u:P
wY$i7> 5?+!>8<./&  "yi?"$'?+ S 57#!e +*,!#9I$'8<!# L=$D9M2(&) XL(9>.,?=A 5-(2)9> j-) jB $ *,86B 867>$D!>8<./& -km2(&) XU ./&(?+!>86./& -) jH39I$'867Eﬂ
?+ 5BX;=46$'&(?+ ']3?+./BCBS h-ﬁA 5?+9I8<!ﬁ-=$'&(7\46$%!>cN 57# '],;=$'7TA " h7I2)9\4< 57&)./BX;(9> 57\-xm A "H@A 5&) 5BS 5&T!>7-($'&(7ﬁ0T2($D!#9I e?"$'&($'2,*
 +*)?"462(7>86UV7SZQ4< 57j?"$'&($'2,*_ 54< 5?+!#9>./& h!#9I$'?+ 5p./2 #BX2)./& h!#9I$'?+ 5,]b$5H' 5?f2(& ./2 $'2sBS./86&(7X-) 52,*fF# "!>7"Plw $
?+./BSL./7>86!>8<./&f 5& 7>8<J/&=$'4 "!E 5&d;(9I2=8<!>7-) 1UV./&(-f 57#!GBS./&T!#9,A " 7>2)9E46$8ﬀ(J/2(9> PEP
`
P X3P
!#"%$'&
PEP
`
P X +  @
U

:75J
P
3
5@W
3
5
A
5@U 5
A
8;A A
3
5
0
5Q698
N@$A*A
3
5@A 5
A

@$A
698
N@JA
JI
A@
U

:75J 5
>
5@8;A
M6@
I :
0
5@A
-$A/-C0 
A95@A
243
5
0
5Q698;:
@$A=<
8;:
-
6V5OB
"
-

-
IK6

5
 
2
U#I
@$A <
8;:
-
6V5OB 
-
I 6V5
A
8;:75
 5@8
0 -
6
@
U
9N4A/-CN
A
@$A
2
0
5
M
8
@$A=<
8;:
-
6V5OB ("
-
JC:
@CN
8 5

R
^
`

w  193A 57>2(4<!>$D!e?+./B ;=8~&ﬁA -) ?+ "!#!# j$'&($'4<[,7# 1 57#!G-)./&=&ﬁA ?"84ﬂ -) 57>7>./2(7MZ
z@qV! |!}u 2 '^*)


  




qr7#!>$D!:u*` ) ^

qr7#[,7#!:uP` a^
`
qr462(BC8 uﬁL=;
w  57186&(?+ "9>!>86!>2(-) 57M7#[,7#!TA 5BC$D!>86032) 57%L(9:86&(?"8<L=$'46 57G7#./&T!%468}A " 57iN$d46$f?+./&(&=$'867>7>$'&(?+ S-(2W&=8<H' 5$'2W-) 57MUV./&(-(7
qH)5^]cCu:]MN$W46$p?"$'468<;(9I$D!>86./&s-( 57eF_ "!>7 qH)/)(c u:]hN$W4nm A "!>86032) "!>$DJ' -) 57hF# "!>7 .Oq
`
cCuX "!ON$W4nm8~-) 5&R!>8 ﬀ=?"$D!>8<./&s-) 57
4< "L=!#./&(7 "!G-) 57!#9:$'?+ 57jq
`
c ?Ic($'?"2(& u:P
^
`'`
    
 

ﬀ


 

ﬁﬀ 

ﬀ
 
	& 








 




      	  
 "!#!# $'&(&) +*, WL(9,A 57# 5&T!# sL=462(7>86 52)9I7i!# 5?Ic(&(8~0T2) 57 L ./2(9 9> 5?+./&(7#!#9:2(8<9> W4< ;./7#./& A 46 "L(!#./&(86032) ']4< 
;./7#./& A c($'-)9I./&(86032)  "!f4< 57f-) 52,* 032($D9CB,7 !#.'L -( O4nm A "H@A 5&ﬁA 5BS 5&R! !_|!"Pwx O;=2)!  57>!f$'46.'9I7f-) 9I 5?+./&(7Eﬂ
!#9I2=8<9> G?+.'9>9I 5?+!# 5BS 5&R!E-( 52,* ?"$'&(-(86-=$D!>7X#032($D9CBC!#.'LKdN$XL=$D9>!>869ﬁ-) 57.';,F# "!>77TA 54< 5?+!>8<./&(&A 57-) M4nm A "H@A 5&( 5BS 5&R!"P
wY$i?+./&(&=$'867>7>$'&(?+ -) 57eL(9>.'L(9:8:A "!TA 571-( 57h-( 52,* 0T2=$D9CB37h!#.'Lp9> 5?+./&(7>!#9I2(8<!>7 qrBC$'7>7# ']k73A "L=$D9:$D!>8<./&W$ 586Bj2)!>$'4< ']
L=7> 52(-).Tﬂ 9I$DL=8~-(8<!TA ']lP<P<P uhL "9IBS "!%2(&) S-(8~7>?+9I86BC8~&($D!>8<./&O7>2)L(L=4}A 5BC 5&R!>$'8<9I ?+./&T!#9> 46 571L(9I86&=?"8<L=$'2,* ;(9:2(8<!>7M-) 
UV./&(-kP
(
 ﬁ!# 5464< 57xBsA "!>c).,-) 57Y./&R!1A "!TA -A "H' 54<.'L=LA " 57lL ./2(9kUV$'8<9I @UV$'?+ 1N$E!#9>./8~7x-(8<y ?"2=4<!TA 57 BC$F# 52)9> 57"Pw $L(9I 5BC8rN "9> 
?+./&(?+ "9:&) O4~$ BsA 5?+./&(&($'8~7>7>$'&(?+ W-) O4nm86BSL=2=467>8<./& 4<./&)J/86!>2(-(86&($'46 -(2 &( 52)!#9I86&).)Pﬁw $s-) 52,*)8rN 5BS ?+./&(?+ "9:&) 
4< 57M86&=?+ "9>!>8<!>2(-) 57h468}A " 571$'2,*OL(9>.'L(9:8:A "!TA 57 ?"86&ﬁA 5BC$D!>86032) 571-) 57M.';,F# "!>7M9> 5?+./&(7>!#9I2(8<!>7Cqr4< "L=!#./&(7"]RF_ "!>7"]MA 5&( "9>J/8< 
!#9I$'&=7#H' "9I7# jBC$'&(032($'&R!# uG032(8 7# j9,A "L "9I?"2)!# j-(8<9> 5?+!# 5BS 5&T!M7>2)9e46 57GL(9I.'L(9I8}A "!TA 57M-) 57e?"$'&=-(86-($D!>76A  "!e{EDGF P
Pﬁ&2ﬀ=& 4~$ !#9>./8~7>8rN 5BS j 57#!1468:A " N$i46$ ?+./BX;=86&($D!#./8<9I XL./2)9hU .'9:BS "912(& 032($D9CBd!#.'L q>N$ L=$D9I!>8<9h-xm2(& ?"$'&=-(86-($D!
A  "!G-km2(&d?"$'&=-(86-($D!QF# "! ."u:P
(
$'&(7E!#./2)!# X?+ "!#!# j$'&(&) +*, ']=4< 57E4< "L=!#./&(7"] F# "!>7 "!dA 5&) "9>J/86 %!#9I$'&(7#H' "9:7# BC$'&(032($'&T!# %7#./&T!G7TA 54< 5?+!>8<./&(&A 57
7# 546./&d46$ L(9>.,?=A 5-(2)9> -A 5?+9:8<!# -($'&(74~$ !>cN 57# 'P
	
C 

 

ﬃ. 


%


"
  
(
843GA "9> 5&T!>7% 3 "!>7%L 52)H' 5&T!%BS.3-=8ﬀ( "914< 57ML(9>.'L=9I8:A "!TA 57 -(2JA c($'-)9>./&=860T2( iZx4< 57%9I$'-(86$D!>8<./&=7h-( C4nm A "!>$D!
ﬀ=&=$'4n]R46$XBS 57>2)9> e "!4 m A "!>$'46./&(&($DJ' M 5&A 5&( "9>J/8< M-) 57kF# "!>7"], "! 5&2ﬀ=& 4~$ BS 57>2(9> e-) M46$X-(8<9> 5?+!>8<./&i-) 57xF_ "!>7"P
(
 
L=4~2(7"]5-) 57(F_ "!>7l7>2(L(L=4}A 5BS 5&T!>$'8<9> 57 L(9>.vH' 5&=$'&R!l-) 57Y9I$'-(86$D!>8<./&=7 -) 4nm A "!>$D!l8~&(8<!>86$'4n]" "!l-) 57(F_ "!>7 .b&(./& ﬂ A "!>860T2( "!TA 57
?+9,A " 5&T!e2(&fUV./&(- ?+./BX;=86&=$D!#./8<9> '](?+./BSL=4~860T2=$'&R!E$'86&=7>846$S?+.'9>9> 5?+!# X9> 5?+./&(7#!#9I2=?+!>8<./& -(2 A c($'-)9I./&(86032) 'P
RQ./2)9 75m$ﬃ3 9I$'&=?Ic(8<9d4< WBC86 52,* L./7>7>8<;K4< -) W?+ 57d 3 "!>7"]E4< p;./7#./& A c($'-)9>./&(8~0T2)  57#!d9> 5?+./&(7>!#9I2(8<!
N$WLK$D9>!>8<9C-) 57 L=$'8<9> 57C-( jF_ "!>7iL(9,A 573A 54< 5?+!>8<./&=&ﬁA 57i "!i&)./& ﬂ A "!>86032) "!TA 57 .P\wY$ ?+./BX;=86&($'867>./&-(84ﬂ F# "!C-)./&(&($'&T!
2(&( BC$'7>7# f86&TH $D9:86$'&R!# 46$ LK462(71L(9I.3?:c) -( i?+ 5464< -(2 A  "!XH@A "9I8ﬀ=$'&T!

=




 6K	 

 57#!
J/$D9I-A " fL./2)9j46$ 7>2=8<!# 'P Pﬁ&2ﬀ=&k] 2=&(86032) 5BS 5&T!%L./2)9X46$ 9> 5?+./&(7#!#9:2(?+!>8<./&s-) 57X032($D9CB,7%!#.'L ]Q4< 57XL(9>.'L=9I8:A "!TA 57
?"86&A 5B $D!>860T2( 57%-(2W?"$'&(-(8~-($D! A 7>./&R!%BS.,-(8ﬀA " 57 -) SUV$?+./& N$ -)./&(&) "9%2=&) SBC$'7>7# A "J/$'4< pN$ ?+ 5464< S-(2JA P
 "!#!# -) "9:&(8rN "9> A "!>$DL   57#!@2=&) \L(9I.3?KA 5-(2)9I -( ?+.'9>9I 5?+!>8<./& " 
ﬁﬀh-) 4 m A 5?:c) 5464< E-xm A 5&( "9>J/8< -) 57=F_ "!>75]D-A 5?+9:8<!# 
-($'&=7Z ﬀ'^
\
P
^
`
t
	  

 

ﬃ. 


%


"
   
wY$dL(9>.,?=A 5-(2)9> i-) S9> 5?+./&(7#!#9:2(?+!>8<./& -=2 BS./BS 5&T!X4<./&(J/8<!>2(-(86&=$'4Y-(2 &) 52)!#9I86&(. 867>7>2W-(2 ; ./7>./& A  57#!
-A 5?+9I86!# %-($'&(7E4nm$'&=$'4<[37> CN$ 0
g
w 0   "!EBfN 5&) N$S9,A 57>./2(-)9> %2(&( A 5032($D!>8<./& -(2 ^1-( "J'93A 'P
(
$'&(7E4< 57G?"$'7.kN2
4< 57e-) 52,* 7#./462(!>8<./&(7E7#./&T!h93A " 5464< 57"] 864kUr$'2)!G!#9>./2(H' "9h2(&  5&(7# 5BX;=4< -( X?+9I8<!"N "9> 57eL "9IBS "!#!>$'&T!h-( %!#9>./2)H' "9M46$
;./&(&) 1$'7>7>.3?"86$D!>86./&kP
I
 "J/$D9I-(./&(7E!#./2)!e-km$D;.'9I-d4< 57HD$'4< 52)9I7-( %?+ 57G-) 52,*d7#./462(!>8<./&(7"P
1&1?+./&(7#!>$D!# ﬁ032) @-($'&=7

dc-) 57 ?"$'7"]v46$7#./4~2)!>8<./&M-) @L=4~2(7 J'9I$'&(-  F }$D!#!# 586&T!Y-) 57xH $'4< 52(9I7k7>2)LA "9I86 52)9> 57
N$ )

K
	G032(8)&) E7#./&T!@L=$'7\L=cR[,7>86032) 57"]'?+./BSL=!# E!# 5&T2i-) E46$%-=867#!#9I8<;K2)!>8<./&X93A " 5464<  5&6F

P, 57\7#./4~2)!>8<./&(7
L 52)H' 5&T! / "!#9> A 5468~BC86&A " 57"PSRQ./2)9G46 57E?"$'7E9> 57>!>$'&R!>7"]=L=462(7>86 52)9I77#./462)!>8<./&=7./&R!dA "!3A j!# 57#!TA " 57"P
	
wx 57d;./7#./&(7 A !# 5&(-) 5&T!sN$ / "!#9> ?+ 5&R!#9I$'2)*-=$'&(7d4< 57 A "H@A 5&( 5BS 5&R!>7 !_|!5P RQ./2)9 9I 5?+./&(7#!#9I2(869> W-) 57
; ./7>./&(7 A46 57\L=4~2(7@?+ 5&T!#9I$'2,* L./7>7>86;=4< 57"]/864K7>2)yC!-) GL=9> 5&(-)9> e46$ 7#./4~2)!>8<./& -( eL=4~2(7bL "!>8<!  F  KqV./2k]
-) XBC$'&=8rN "9> A 5032(8<HD$'4< 5&T!# ']k-) XLK462(7EL "!>8<!  ?
 ou:P
(
$'&(7 X

c -) 57M?"$'7"]k46$ HD$'4< 52)9M-) WFC?+./&(7>8~-ﬁA "93A " 
 57#!G46$ L=4~2(7L(9>.,?Ic) %-(2dBC./BS 5&R!e4<./&)J/8<!>2(-=86&($'4 H@A "9I86!>$D;=4< %-(2d&) 52(!#9I86&).)P
	
wx 57E;./7#./&=7>A 7#./&T!e$'7>7>  A 5&) "9>JQA "!>86032) 57M-($'&(7e4< 57dA "H@A 5&) 5BS 5&T!>7M! |! Z


 ) ﬀ't 6K
	iP3 57
L(9>.,-(2(8<!>7b-) h-ﬁA 57>86&T!TA "J'9I$D!>8<./&d7>2);K867>7# 5&T!@2(&C;.3./7#!\!#95N 5786BCL .'9I!>$'&R!EZ34nm$'&)J/4< e 5&R!#9I e4< h&) 52)!#9I86&(.1 57#!
4< 4< "L(!#./&  57#!j9> 546$D!>8<H' 5BC 5&R!XUV$'8<;K4< 'P wx f73A 54< 5?+!>8<./& -) 46$ 7>./462)!>8<./& &( 52)!#9I86&). BC86&(86B 867>$'&T!%4nm$'&)J/4< 
 5&R!#9> 4< 4< "L(!#./&j "!b4< &) 52)!#9I8~&).G9> 5?+./&=7#!#9I2(8<!Y 57#!b2(& ?+9I8<!"N "9> L./7>7>8<;K4< 'P
(
$'&(7 X )(c -) 57l?"$'7"]/46$eHD$'4< 52)9
-) Fj?+./&(7>86-A "9,A " X 57#!G46$ L=4~2(7L(9>.,?Ic) -=2dBS./BS 5&T!G4<./&)J/8<!>2=-(86&($'4KH@A "9I86!>$D;=4< -(2d&( 52)!#9I86&).)P
	
wx 57M-) 52,* 7>./462)!>8<./&(7ﬁF

7#./&T!MJ/$D9I-A " 57"Pxw  ?:c)./8 * 7> jUr$'8<!M2(4<!3A "9I8< 52(9> 5BS 5&T!"] 7>2(9h4< 57hL(9I.'L(9I8}A "!TA 571-(2
0T2($D9(B !#.'L 9> 5?+./&=7#!#9I2(8<! N$ L=$D9I!>8<9E-(2 A 4< "L(!#./&(86032) jZ(46$ ?+./B ;K86&($'867#./&

.e-)./&(&=$'&R!E46$ BS 58~464< 52)9> 
BC$'7>7# C-) !#.'L  57#!%?+./&(7# "9>H@A " L./2)914nm$'&($'46[37# 'PY "!#!# B A "!>c).,-) C$'2)J/BS 5&T!# 46$d?+./BX;=86&($D!#./869> S$'7Eﬂ
7#.3?"8}A " N$ 46$X9> 5?+./&(7#!#9:2(?+!>8<./&f-) M?"$'&(-(86-($D!>7j_!#.'L=,]) "!L(9>.H'.3032) 12(&i;=86$'86786BSL.'9>!>$'&T!ﬁ-=$'&(74nm86-) 5& ﬂ
!>8ﬀ=?"$D!>8<./&d-) 57fA "H@A 5&) 5BS 5&T!>7h!_|!5PKhmo 57#!GL ./2(9I0T2(./8 ?+ "!#!# XL(9>.,?=A 5-(2)9> 1 57#!dA 5?"$D9>!TA " -( %4nm$'&($'4<[,7# 'P
	
w $ -) "9:&(8rN "9> 7#./462(!>8<./&?+./&(7>8~7#!# sN$W!>8<9I "9CL(9>. ﬀ(!i-) 57S9> 546$D!>86./&(7C?"86&A 5BC$D!>8~0T2) 57  5&R!#9I 4< &) 52(!#9I86&).
 "! 4< 4< "L(!#./&8~7>7>2(7d-(2 A PEw\m$'&)J/4<  5&T!#9> 4< W4< "L=!#./&9> 5?+./&(7#!#9:2(8<!d "! 4< &( 52)!#9I86&).sJYA 5&ﬁA "93A  57#!
?+.'9>93A 54:A fN$C4 m A 5&( "9>J/8< %-(2 7>[37#!"N 5BS v4< "L(!#./&KM&( 52)!#9I86&).19> 5?+./&=7#!#9I2(8<!"P21_4 57#!EL./7>7I8<;=4< M-) %?+./&(7#!#9:2(8<9> 
2(&) CUV./&(?+!>8<./& -) iHT9I$'8~7# 5B ;K46$'&(?+ pN$O4nm$'86-( -) f?+ "!#!# f-=867#!#9I8<;K2)!>8<./& N$O-) 52,* -(86BC 5&(7>8<./&(7% "!j-) 46$
-(867#!#9I86;=2)!>8<./&  5& 86BCL=2(467>86./& 4<./&(J/8<!>2(-(86&=$'4< j-=2 &) 52)!#9I8~&).)Pxwx 57X-) 52,* 7#./462)!>86./&(7 F


  "! F


 7#./&T!
!# 57#!TA " 57"P wY$S7#./462)!>86./&d?+./&(7# "9>H@A " jBC$ *)86BC8~7# 146$ U ./&=?+!>8<./&WZ

9SqF
ﬁﬀﬂ
F
ﬃ
u
ﬀ



ﬃ! #"

q  F
ﬃ
 ou
.kN2

q%$kuC 57>! 46$ -) 5&(7>86!TA p-) L(9>.';=$D;=8~468<!TA -) p46$ HD$D9I86$D;K4< &$ P
G
8< 5& 0T2) O?+ "!#!# B A "!>c).,-) O2(!>8646867# 
2(&) X8~&)U .'9:BC$D!>8<./&O7>2)L(L=4}A 5BC 5&R!>$'8<9I ']K7# 57ML "9>UV.'9IBC$'&(?+ 57h7#./&T!1$'7>7#  L 52 $'BsA 54686.'93A " 571L=$D9M9I$DL(L.'9>!
$'2,* B A "!>c).,-) 57\L=93A 5?=A 5-( 5&R!# 57"P(w\m86&)UV.'9IBC$D!>8<./&i7>2)94nm$'&)J/4< E 5&T!#9> M4< 57-) 52,*S.';,F# "!>7\ 57#!L(9,A 5?"867> GL./2)9
-) 57%;./7#./&(7 A A 5&) "9>JYA "!>86032) 57"]l?+ i032(8b9> "L(9,A 57> 5&R!# f2(&) CLK$D9>!%L 52 86BCL .'9I!>$'&R!# -( 57OA "H@A 5&) 5BC 5&R!>7"P
(
$'&=7GX't]c -) 57 ?"$'75]G46$sH $'46 52)9 -) F

s?+./&(7>86-A "9,A "  57#! 46$ L=4~2(7 L(9>.,?Ic) -(2 BS./BC 5&R! 46./&)J/8<!>2 ﬂ
-(86&($'4GH@A "9I8<!>$D;K4< W-(2 &( 52)!#9I86&).)Pw@m8~&(?+./&RH@A 5&(8< 5&T!d-) W?+ "!#!# B A "!>c).3-( W 57#!d0T2kmo 54~4< 86&T!#9>.,-(2(8<! 2(&) 
-ﬁA "L  5&=-($'&(?+ %7>2)L=L=4:A 5BS 5&T!>$'8<9> %7>2)9E4~$ 93A 57#./462)!>8<./&  5& A 5&) "9>J/8< %!#9:$'&(7#H' "9I7# XBC$'&(032($'&R!# 'P
(
 57e!#9>./867eB A "!>c).3-( 57"] ?+ 54~4< 032(8x?+./&(7>8~7#!# fN$ L(9> 5&(-)9I %46$C7#./462(!>8<./& -) XL=462(7L "!>8<!GBC.3-(2=4< 1 57#!GJ/$D9:-ﬁA " 
L./2)9E4nm$'&=$'4<[37> 'P(wx ?:c)./8 * -) 57G-( ?+ "!#!# XBsA "!>c).,-) X 57#!GBS.'!>8<H@A XLK$D9G7# 57EL "9>UV.'9IBC$'&=?+ 57 "!G7>$ UV$'8<;K4< 17# 5& ﬂ
7>86;=86468<!3A M$'2,*d86&(?+ "9>!>8<!>2=-) 577#[,7#!TA 5BC$D!>86032) 57"P
^
`
X
w  57@7#./462(!>8<./&(7b-) G4 m A 5032($D!>8<./& 7#./&R!86BC$DJ/86&=$'8<9> 57l7>8(46$1B $'7>7# E!#9I$'&=7#H' "9I7# E9I 5?+./&(7#!#9I2(86!#  57#!\7>2)LA "9:8< 52)9> 
N$j46$jBC$'7>7# M-(2 A PLP\&TH,8<9>./&

dc -) 57CA "H@A 5&) 5BS 5&T!>7E!_|!&kmo./&T!L=$'7-) h7>./462)!>8<./& 93A " 5464< ML./2)9 F  P
(
$'&(7?+ 57
?"$'7"]=L=462(7>86 52)9I77#./462)!>8<./&=7./&R!fA "!3A j!# 57#!TA " 57"P
	
w $ L(9> 5B 8rN "9> pL ./7I7>8<;=864~8<!TA ?+./&(7>8~7#!# N$ A 5?"$D9>!# "9 ?+ 57 A "H@A 5&) 5BS 5&T!>7O-) 46$ 7TA 54< 5?+!>8<./&kPew $ L "9>!# p 5&
7#!>$D!>867#!>86032) 1 57#!E&(./& &ﬁA "J/468<J' 5$D;=46 iq

dc -) 57fA "H@A 5&) 5BS 5&T!>7:u:P
	
w $S-) 52,*)8nN 5BS 7>./462)!>8<./&f 57#!h-) %?+./&(7>8~-ﬁA "9> "9e032) %46$SBC$'7I7# %!#9I$'&(7>H' "9I7# 

 
7
 57>!G46$ H39I$'8< %BC$'7>7> -(2
; ./7>./& A LK2(867>032) M?+ 5462(84ﬂ ?"8k$C2=&) 1?+ "9>!>$'86&) 4~$D9>J' 52)9 q


^6K	ju:P "!#!# cT[TL.'!>ckN 57# ?+./&=-(2(8<!
N$i2(&( HD$'4< 52)91&T2=464< %L./2)9 F 
 Pkw\mo.';(!# 5&R!>86./&O-xm2(&) HD$'4< 52)9M-) BC$'7>7# !#9I$'&=7#H' "9I7# 

7I2)LA "9I8< 52)9I fN$
46$CBC$'7>7> X-(2 A  57#!GL=9I86&(?"8<LK$'4< 5BS 5&T!E-(2) N$i46$C9,A 57#./4~2)!>8<./&  5&A 5&) "9>J/86 X-) 57@F_ "!>75P "!#!# B A "!>c).,-) 
&ﬁA "J/468<J' -)./&=? N$ !#.'9>! 46 571 3  "!>7j-(2W-A "!# 5?+!# 52)9  "! -( 46$f9> 5?+./&(7>!#9I2(?+!>8<./&kP P\464< S&kmo 57>!%L=$'7 2(!>86468673A " 
L ./2(94~$C7>2(8<!# 1-) %4 m$'&($'4<[,7# 'P
	
w $ !#9>./867>8nN 5BS f7#./462(!>8<./& ?+./&=7>867#!# N$ ?+.'9I9I8<J' "9S4< 57X 3  "!>7S-(2s-A "!# 5?+!# 52)95]@-( 46$ 9> 5?+./&(7>!#9I2(?+!>8<./&s-) 
4nm86-) 5&T!>8ﬀ=?"$D!>8<./& -) 57l.';)F_ "!>7"PLP\464<  57#!@-A 5?+9I86!# G-($'&(7b4nm$'&=$'4<[37> %N$ 0
g
w 0  PR "!#!# GBsA "!>c).,-) ']R?+./B BS 
46$%L(9,A 5?KA 5-) 5&T!# ']($j4nm$5HD$'&R!>$DJ' %-( h?+./&(7> "9>H' "9!#./2(7ﬁ46 57CA "H@A 5&) 5BS 5&T!>7"P(w $X93A 57#./462)!>86./&i7>2(9ﬁ4nm86BCL=2(467>86./&
4<./&)J/8<!>2(-=86&($'4< -(2 &) 52(!#9I86&).d9> 5?+./&=7#!#9I2(8<!  57#! 7>86B 8646$'8<9> N$ ?+ 54~4< C.';(!# 5&32) i46.'9I7>032) C4< 57 -( 52,* 7#./462 ﬂ
!>8<./&(7G7>./&R!e93A " 5464< 57"PRQ./2)9e?+ 57M-) 52,*d9I$'8~7#./&(7"]=?Dmo 57>!h?+ "!#!# SBsA "!>c).,-) X032(8  57#!e?:c)./867>8< XL./2)9G46$i7>2(8<!# 
-) %4nm$'&($'4<[,7# 'P
0
86&(7I8n]Q8~4 57#!SL./7>7>8<;=46 -) d9I 5?+./&(7#!#9I2(869> d4< 57SL(9>.'L=9I8:A "!TA 57 ?"86&A 5BC$D!>8~0T2) 57 -(2a&) 52)!#9I8~&).p "! -(2 ;./7#./&
A 4< "L(!#./&(86032) ']Q 5&a86BSL./7>$'&T!j2=&) d?+./&R!#9I$'8~&R!# 7>2(9 4~$OB $'7>7# d86&TH $D9I8~$'&R!# d-(2 4< "L(!#./&s "!C-(2 &) 52(!#9I86&).)P
 "L 5&(-=$'&R!"]@-) !# 5464< 57CBsA "!>c).,-) 57 7#./&T!C!#9"N 57i7> 5&(7>8<;=46 57 N$ -) 57S 3 "!>7iL=cR[,7>86032) 57  "! -) 57C 3 "!>7 468}A 57i$'2
-A "!# 5?+!# 52)9vPKwx 57e7#./462)!>86./&(7L(9>.'L./73A " 57EL=93A 57# 5&R!# 5&T!e2=&d!>$'2,*d-) %L=2)9I "!TA X7>86BC864~$'8<9> '],4:A "J,N "9I 5BS 5&R!M7>2)LA "9:8< 52)9
N$ X dc P
	
   

 

ﬃ. 


%


" ﬃ
' 

 ﬃ  > 
RQ./2)919I 5?+./&(7#!#9I2(869> S4< 571-) 52,*W0T2=$D9CB37M!#.'L ]x864QUV$'2)!%$'7I7#.3?"86 "9 ?+.'9>9> 5?+!# 5BS 5&T!X46 57ﬁF_ "!>7%$'2)*O;./7#./&(7 A
L(9,A 5?KA 5-) 5B BS 5&R! 9> 5?+./&=7#!#9I2(8<!>75P wx 57EF_ "!>7XL(9I86.'9I8<!>$'8<9> 57ML./2)9X?+ 57j$'7I7#.3?"8~$D!>8<./&(7 7>./&R! 4< 57F# "!>7WA "!>8~0T2) "!3A 57<.
L=2=867>032) G4< M!>$'2,*f-) hB $'2)H $'8~7 A "!>8~0T2) "!>$DJ' 1 57>!UV$'8<;K4< jqH)(cCu:PSRﬁ462(7>86 52)9I7@ 57>!>86BC$D!# 52)9I7./&T!iA "!TA X!# 57#!TA 57L./2)9
46$p9I 5?+./&(7#!#9I2(?+!>86./& "!i4~$ 7TA 54< 5?+!>8<./& -) 57 ?"$'&=-(86-($D!>7 _!#.'L=,P RQ./2)9i9> 5?+./&(7#!#9:2(8<9> -) 52)*a032($D9CB,7S!#.'Lx]ﬁ./&
-(8~7#L./7# G-) 1-) 52,*C;./7#./&=7-A ],-) M-) 52,*1F# "!>7iA "!>86032) "!TA 57W.]3./2f-km2=&i7# 52=4/F# "! A "!>860T2( "!TA . "!-) 57 F_ "!>74}A "J' "9:7
7>2(L(L=4}A 5BS 5&T!>$'8<9> 57%qr&).'!3A 57 .M$'2(7>7>8LK$D9G46$S7>2(86!# u:P
	
RY./2(9E?Ic($'032) ?+./BX;=86&($'8~7#./&k])46$ BC$'7>7# %-( 57-) 52,*d?"$'&(-(86-($D!>7S_!#.'LKS 57#!UV.'9IB A " 'P=w $S?+./BX;=86&=$'867#./&
9> "!# 5&T2( % 57#!E?+ 5464< %032(8x7I$D!>867#Ur$'8<!4nmo 57#!>86BC$D!# 52(9G7>2(8<HD$'&T!1Z


2
q

 
=
=
	
TWV X
u
z

q

 
=
u

q


=
=
	
TWV X
u
z

q


=
u
wx 57h?"$'&(-(86-($D!>7 _!#.'L= 7TA 54< 5?+!>8<./&(&A 5717>./&R!M?+ 52,* 032(8x./&T!M2(&) XB $'7>7# 46$CL=4~2(7L(9>.,?Ic( X-) 46$ B $'7>7# 
JYA 5&A "9,A " 'Pw@m86&=?+./&RH@A 5&(8< 5&T!X-) f?+ "!#!# dB A "!>c).3-(  57>!j032kmo 5464< ;=86$'867# i46$ -(8~7#!#9I8<;=2(!>8<./&p 5& BC$'7>7# -) 57
0T2($D9(B37!#.'L 9> 5?+./&(7#!#9I2=8<!>7"](?+ 032(8k-(86B 86&T2( h7#./& L ./2(H'./8<9E-(867>?+9:86BC86&($'&T!"P
	
0
ﬀ=& -) C9,A 5-(2(869> C?+ 57 ;K86$'8671 5& BC$'7>7# -( 0T2=$D9CB37 !#.'Lx] -) i&)./2)H' 5464< 57 H $D9:86$D;=4< 5717#./&T!X$F#./2)!3A " 57 N$
4nmo 57#!>86BC$D!# 52(9XL(9,A 5?KA 5-) 5&T!"P@wx 57 ?"$'&(-=86-($D!>7O_!#.'L=O9> "!# 5&T2=7j7>./&R! ?+ 52,* 032(87>$D!>867#UV./&R! 4nmo 57#!>8~BC$D!# 52)9
^
`

7>2(8<HD$'&R!MZ


2
q

 
=
=
 	
TWVﬃX
u 
z

q

 
=
u

q
 
=
=
 	
TWVﬃX
u 
z

q
 
=
u

q

 
=
=
 
=
u
z

q

 
=
u  z

q
 
=
u

q:9 1q F
 
=
ﬀ
F

=
u
=
u 
z

q:9 Eu
$5H' 5? z@q:9 EuN2 a^ ^
	(Pxwx 57 ?"$'&(-(86-($D!>7d_!#.'LK 7TA 54< 5?+!>8<./&(&A 57X7#./&T! ?+ 52,*W0T2(8Q./&T! 2(&) SBC$'7I7# C46$
L=462(7ﬁL(9>.,?Ic) M-) 146$ BC$'7>7> hJQA 5&A "9,A " ']2(&) 1BC$'7>7> M4~$XLK462(7ﬁL(9>.,?Ic) h 5&R!#9I 1 52,* ])$Tﬀ=&f-) M!# 5&(869?+./BCL(!# 
-km A "H' 5&R!>2) 54~7j-A "Ur$'2)!>7j-) i?"$'4~8<;(9I$D!>8<./& -) 57F# "!>7"]Q "!X-)./8<H' 5&T! / "!#9I -)./7Nﬂ}N$ﬃﬂ -)./7X-=$'&(7 4< iL=46$'&W!#9:$'&(7Eﬂ
H' "9I7# 'P@./BCBS L(9,A 5?=A 5-) 5BCBS 5&T!"]\?+ "!#!# BsA "!>c).,-) f;=86$'8~7# 46$O-(867#!#9:8<;=2)!>8<./&p 5& BC$'7I7# -( 57j032($D9CB,7
!#.'L 9> 5?+./&(7#!#9:2(8<!>7"P
	
0 ﬀ=& -km/ "!#9> e4< EBS./86&(7l7# 5&=7>8<;=4< %N$146$MBC$'7>7> E-(2S0T2=$D9CB !#.'L -=$'&(7b46$M7TA 54< 5?+!>8<./&C-( 57@?"$'&(-(86-=$D!>71_!#.'L=,]
4nmo 57#!>86BC$D!# 52(9 57#!G?+./&(7#!#9:2(8<!E2(&(8~0T2) 5BC 5&R! N$SL=$D9I!>8<9E-) %4< 52)9:7L(9>.'L(9I8}A "!3A 57e$'&)J/2(46$'8<9I 57"P)w $C-(8~7#!#9I8<;=2 ﬂ
!>8<./& 5& L=7# 52(-(.Tﬂ 9I$DL=86-(86!TA -=2 7#[,7#!+N 5BS O! |!i 57#! -ﬁA 5?+9I8<!# OL=$D9i2=&) 7#./BCBC -) O-) 52,*aJ/$'2(7>7>86 5&(&) 57
?+ 5&R!#9,A " 57  5&.?
T
?
T
 `

^ ,P@w  57jL=$'8<9> 57 -) f0T2=$D9CB37j!#.'L7#./&T! L(9>.,-(2(8<!# 57j-)./7Eﬂ}N$ﬃﬂ -(./7S-($'&(7 4< L=46$'&
!#9I$'&(7#H' "9I7> 'P=w@mo 57#!>8~BC$D!# 52)9G2)!>8~468673A ML./2)9E?Ic)./8~7>8<9E46$S?+./BX;=86&($'8~7#./&d-) A  "!G-) F# "!>7 57#! Z


2
q  ?
 
=


=

=

^ Ru
z

q-?
 
=


=
u

q:9 1q F
 
=
ﬀ
F

=
u
=
u 
z

q:9 Gu
w@m$5HD$'&T!>$DJ' 86?"8E 57#!f032) O46 ?Ic(./8 * -($'&(7 46$ ?+./BX;=86&=$'867#./& -( 57i.';)F_ "!>7i 57#!f86&(-A "L 5&(-($'&T!# -) O46$
BC$'7>7# X9> 5?+./&(7#!#9I2=8<!# -) 57e?"$'&(-(86-($D!>7i_!#.'L=,P  "L 5&(-($'&T!"]=4< 57e-(867#!#9I86;=2)!>8<./&(7 5& BC$'7>7# j86&RHD$D9I86$'&T!# 
-) 57e?"$'&=-(86-($D!>7h{ED(F 73A 54< 5?+!>86./&(&ﬁA 5717#./&T!h; 5$'2(?+./2(L L=4~2(7e4~$D9>J' 57Sqrz@q
UTWVﬃX
u

 6K
	AuE032km$vH' 5?
4< 57$'2)!#9> 57eB A "!>c).3-( 57"P
^
`
ﬀ
   	ﬁﬀ 
 
ﬁ
Z )
\
PbW 586&R; "9>J)]X
g
c) 032($'&R!>2=Bﬃ!>c) ".'9>[ .'U>ﬀ( 546-(7>,]ﬁ$'B ;(9:86-)J' 
<
&=8<H' "9I7>8<! [ R\9> 57>7 qH) /X/u<1N
G
4
ﬃﬂ t'^ ) ﬂ t't  /^ ﬂ t M
g
P RYPGc( 5&)J)]ﬁw\PﬁPwY8n]XOM$'2(J' O!>c( ".'9>[.'U% 54< 5BC 5&R!>$D9>[ L=$D9>!>86?"46 L=cT[37I86?"7>,]ﬂh*3UV.'9I-
<
&(86H' "9I7>8<! [
R\9> 57>7 qH) ﬀ'^/u 1C
G
4
ﬃﬂ)  ﬂ ﬀ't ) /X ) ﬂ

M

P PEP RQ 57NB,86& $'&(-
(
P XP ,?:c)9>.3 5-) "95] 0 & 86&T!#9>.,-(2(?+!>8<./&X!#.10T2($'&T!>2(B ﬀ( 546-X!>c) ".'9>[,,] e$D9IL  "9+./464686&=7
qH) 't/u 1C
G
4
ﬃﬂ ^  ) ﬂ t 

 ﬂ ^ M
PﬁP
4
.H $D 57"](3!>$'&(-($D9:-

.,-) 54bZ 0 & 1_&R!#9I.3-(2=?+!>8<./&(,](c) "L2ﬂ LKc     )5^ﬀ

Zo^
\
Pw M46$'7Ic).%]
4
2(?"4 PSR\cT[37"P]Kt  qH) /X )vu M
0
P ,$'4~$'B  "!
	)P MP) $D9I-k] RﬁcR[,7"P
I
 "H P=w  "!#!"Px] ) Xﬀ qH) /X
`
u M
P)W 586&R; "9>J)] R\cT[37"P
I
 "HKPKwx "!#!"Pk] )5^/X
`
qH) /X'u:P
Z

\
NRl$D9>!>8~?"2(4< 
(
$D!>$ M9>./2)L=,] qn^  SX/u:P
Z
` \
 P
G
 "9I&) 52)!>c( "95]

P,2 B,2 58n]k
g
c( E 54< 5?+!#9I86?G-(8<L./4< BS./BS 5&T!\.'U!>c) E 54< 5?+!#9I./&(,]
I
 "H,8<  .'U

.,-) "9I&
RﬁcR[,7>86?"75] ﬀT] ^dqH)  )vu:P
Zot
\
P PEPURQ 57NB,86&k]
G
 "['./&(-S!>c) W3!>$'&=-($D9I-

.,-) 546,] P\2(9>.'L 5$'&8,?:c).3./4T.'Ue86J/c ﬂ P\&) "9IJ'[ R\cT[37I86?"7"] ) ﬂ)
`
, "L(! ) /X3]k-P
I
4
ﬂ  ﬂ 

P
Z X
\
P=wY86&(-(&) "9v]QP R\cT[37"]K

)D]K^'t qH) ﬀ/X/u:P
Z 
\
w\P ,2(7>7NB,86&(-x](
(
[,&($'BC8~?"7l.'U=7#L./&R!>$'&( "./2(7l7#[3B BS "!#9>[%;(9I 5$TB386&(Jh86&X!>c) W 586&T;  "9IJTﬂ ,$'46$'B !>c) ".'9>[,,]
RﬁcR[,7"P
I
 "H
(
^ ,] ^/X )  qH)  /u:P
Z ﬀ
\
./4646$D;.'9I$D!>8<./&ﬁﬀﬃﬂﬂ "!$##&%%%(')ﬀﬃ*+,')-+.('0/21 .#435ﬂﬃ/26
Z 
\
g
P vF7./7#!#9I$'&(-  98;:~]\NR=<
g
 1
0
X3P ^dZSRﬁcR[,7>86?"7E$'&=-

$'&32($'46,]Kc) "L2ﬂ L=c   ) ﬀ'^/X
`
qn^   )vu:P
Z )
\
 P .'9I?+ 5464~$  98>:~]K >P
I
 1 ﬁXhZ
0
&1 "H' 5&T! J' 5&( "9I$D!#.'9 UV.'9Yc($'-(9>./&M 5BC867>7I8<./&M9> 5$'?+!>8<./&(7?G8<!>c186&T!# "9Nﬂ
UV "9I86&(JSJ/462)./&(7%qr86&=?"462(-(86&(JX7>2)L "9I7>[3BS "!#9:86?hL(9>.,?+ 57>7# 57:u ,]	  P RA@B  ),] c) "L2ﬂ L=c    )/)

X

qn^   )vu:P
Z )/)
\
4
PDC%86-)./&($TB,867"]
I
P$b.'J'!"]f
4
 +*,!Eﬂ !#.Tﬂ
4
 +*,!Eﬂ !#.Tﬂ 4< 5$'-(86&(J h9I-( "9 3.'UV!EﬂM462)./& .'9>9I 5?+!>8<./&(7O86&
g
.'L
E12($D9CB e$'-)9I.'L(9>.,-(2(?+!>8<./&(,]2RﬁcR[,7"P
I
 "HKP
(
Xﬀ3])/)
`
 )
`
qn^  

u M
4
PFC 86-)./&($TB,867"]
I
P b.'J'!"]
g
c( ".'9> "!>86?"$'4 7>!>$D!>2(7 .'U !>c) !#.'L 0T2=$D9CB ?+9I./7>7 7# 5?+!>86./&(,]
$D9HGh8<HOZc) "L2ﬂ LKc  
`
)

XH )dqn^  /t/u M
4
PC%8~-)./&($TB,867"])?+./BCBj2(&(86?"$D!>8<./& L(9I8<H@A " 'P
Z )5^
\
ﬀﬃﬂﬂ "!$## ﬂ%I5JI='H3&/2K LM'H3ﬀ#&ﬂ%INJI #9OINL#&PI&/ %Q# R2ﬂQS2TQ+ #&UWV9WXﬃ/2Y/2K/&L3&/Q+
Z )

\
P hP )BC8<!>cp "!H Pk 86464< 5&T;(9>.,?CB ]HE%
(
$'&(-Z<\2SB $$p.'9>9> 5?+!>8<./&=71!#. ,86&)J/46 ﬂ
g
.'L2ﬂ[E12($D9CB R\9>.Tﬂ
-=2(?+!>8<./&dH,86$]\
|
\,] R\cT[37"P
I
 "H P
(_^ﬃ`
] X/X/X qH) /X/u M
g
PU,!# 54 " "95] QPU,2(464686H $'&1 "!Q PD 86464< 5&T;(9>.,?CB ]K()86&)J/4< ﬂ
g
.'L2ﬂ[EM2($D9(B1L(9>.,-(2(?+!>8<./&XH38~$G ﬂ J/462)./&](2=7>8<./&
$D!
4
 +*,!Eﬂ !#.Tﬂ wx 5$'-=86&)J M9I-) "9I,]2R\cT[,7"P
I
 "H P
(a^Qb
]Kt )  qH) 'u M
^
`

GPo P e$D9I9I867"]PEPkw $D 5&( 5&k]kw@P R\c=$DU ]QP ,2(464~8<H $'&x]  P 8~464< 5&T;(9>.,?CBd "!  PW 586& 58< "9:4n]$=2(464<[
(
843 ﬂ
9I 5&R!>86$'4 ,86&(J/4< ﬂ
g
.'LSﬂ[EM2($D9CBC9>./7>7 3 5?+!>8<./& 86&
4
 +*,!Eﬂ !#.Tﬂ wx 5$'-(86&(J M9I-) "9 E 
(
,]LR\cT[,7"P
I
 "HKP
( bb
]
/t
`
/^
`
qn^  /^/u M
lPﬃ,2(464~8<H $'&x]3
<
&(-) "9I7>!>$'&(-(86&)J7>8~&)J/4< ﬂ !#.'L2ﬂ 032($D9CBhL(9>.,-(2(?+!>8<./&1$'&=-F# "!>7 $D!Yc=$'-)9>./&%?+./464~86-) "9I7>,]RﬁcR[,7"P
I
 "HKP
(
@k] )/)
`
 )5^3] c) "LSﬂ L=c  
`
 ﬀ 
`
Oqn^  
`
u M
E P ﬂ  PY$D.)]
I
P )?IcG8< 5&(c).'9:7#!G "!XhP ﬂ RQP<\2($'&k]
4
 +*3!Eﬂ !#.Tﬂ w  5$'-(86&)J h9I-) "9%.'9>9> 5?+!>86./&(7h!#. ,86&)J/4< 
g
.'L EM2=$D9CB+R\9>.,-(2(?+!>8<./&p$'&(-
(
 5?"$v[ $D!%!>c) 
g
 @$D!#9>./&Z)DP 7Nﬂ ?Ic($'&(&( 54bL(9>.,?+ 57>7>,] RﬁcR[,7"P
I
 "H P
(

(] /t
`
/^

] c) "LSﬂ L=c  
`
  
`
 qn^  /t/u M
E P ﬂ  Pk$D.)]
I
P ,?IcG8< 5&=c).'9I7#!"]	(P ﬂ 0 P
G
 5&(86!# ']
I
P
G
9I.3?(Bd "!MhP ﬂ RQPﬃ<\2($'&x]\
4
 +*,!Eﬂ !#.Tﬂ wx 5$'-=86&)J h9Nﬂ
-( "9h.'9>9> 5?+!>86./&(7!#.),86&(J/4< 
g
.'LﬁEM2($D9(B R@9I.3-(2=?+!>8<./&d$'&(-
(
 5?"$5[ $D!!>c) 
g
 @$D!#9>./& Z=^3P(!Eﬂ ?Ic($'&=&) 54
L=9>.3?+ 57I7>,] R\cT[,7"P
I
 "H P
(
k]  
`
/^T]c) "L2ﬂ L=c  /t 
`
^

pqn^  /t/u:P
Z )
` \
g
c) 
(
?+./4646$D;.'9I$D!>86./&k]@NP@H,86-) 5&(?+ 1UV.'9EL(9I.3-(2=?+!>8<./& .'Ul7I86&)J/4< M!#.'L 032($D9CB,7E$'&(- ﬀ(9I7#!-(8<9I 5?+!EBS 5$ﬃﬂ
7I2)9> 5BS 5&T!E.'U  	
T
=
 ,]( "9IBC8646$D;Sﬂ L=2);2ﬂ SX]
`
Dt ﬂ PGP
Z )5t
\
0 P 0 c(BC$'-).H  &8>:~]\
g
.'L 032($D9CB L=cR[,7>86?"7I,](c) "L2ﬂ L=c    


 
P
Z ) X
\
Pw@P

$'&(J/$'&).)] P R\86?"?"86&=86&(8n] 0 P
(
P RQ./4<./7>$,]

P

.'9> "!#!>8 ]
I
P R\8<!>$'2x]G 0 w R P
4
]Q$ J' 5&) "9:$D!#.'9
UV.'9ec=$D9I-dBX2=4<!>8<L=$D9>!#./&fL=9>.3?+ 57I7# 57E86&dc($'-(9>./&(86?M?+./46468~7>8<./&(7>,])c) "LSﬂ L=c  /^ SX'^

]Qqn^  

u:P
Z ) 
\
jP
G
$D9>J' "95]	)P,w@P e ﬁ "!#!"]
I
PW	(P
4
P2R\c(8~46468<L=75]
4
  ?+./&(7#!#9:$'86&R!>7./& !>c) M?Ic=$D9>J' 5- e86J'J/77# 5?+!#.'9E86&
! ﬁ.Tﬂ h8<J'J/7Eﬂ -(./2);=4< "!hBS.3-( 5467>,]SR\cT[,7"P
I
 "H P
( `
)D]

`
^ ) qH)  Ru M
I
P
(
86$ ']
I
P

$D9>!>86&) ']	)P ﬂ
0
P
I
.,-)9I86J/2) '] #wx "L=!#./& l46$5H'.'9M8<./46$D!>8<./&C8~&S!>c) 
g
ﬁ. h8<J'J/7
(
./2(;=4< "!

.,-) 54k! [3L 1C1C1_,]2R\cT[375P
I
 "H P
(
X

qn^   )vu  't   T] $D9 GM8<HOZc) "L2ﬂ L=c   ) )
`
 H,^
Z ) ﬀ
\
RQP1b "9:-(8< "95]
g
c( 57# %-) -).,?+!#.'9I$D!"]
<
&(8<H' "9:7>8<!TA j46$'2=-) 
G
 "9:&($D9I- w ['./& 1Mqn^   )vu:P
Z ) 
\
P
I
P ,4~$D; ./7>L=8<!>7NB3[']Qw\P 3./&(&( 5&(7>?Ic( 586&k]M
g
.'L
I
 G J' 5&) "9I$D!#.'9I,]./BSL=2(!"PﬁR\cT[37"Pﬁ./BCBX2=&kP	)
`
ﬀ
qn^  /^/u ﬀT]Kc( "L2ﬂ L=c  /^  )5^'^ M
ﬀﬃﬂﬂ "!$##Q+I5KI.-+,' INﬀQ/&M'H+.#+I9ﬂ+NJ*Q# ﬂWV9WKﬃ/W#&ﬂﬃV5ﬃKﬃ/ ')ﬀﬃﬂS
Zo^ 
\
	(P

P$'BSL(; 5464$'&)9
I
P C PﬁP\46468~7"]e
0
&2)Lk-($D!# f./&aH' 5?+!#.'9i; ./7>./& L=$'8<9SL(9>.,-(2(?+!>86./&s$D!Cc=$'-)9>./&
?+./4~4686-) "9I7I,] RﬁcR[,7"P
I
 "HKP
( b
@k] )/)

 SXOqH) /u
Zo^ )
\
jP
G
$D9IJ' "95]

PU P
G
 "9IJ' "95]'$'&(-
I
P9	(P
4
PﬃRﬁc(86464~8<L=7"])E1_BSL=4686?"$D!>86./&(7x.'U .8: M
	
(
 5?"$5[

 5$'7>2(9> 5BS 5&T!>7
8~&
g
 57#!>86&)JX!>c) h8<J'J/7 3 5?+!#.'9.'Ux!>c) 

86&(8~BX2(B ,2)L "9I7#[,BCBS "!#9I8~?-,!>$'&(-($D9I-

.,-) 546,] R\cT[375P
I
 "H P
w  "!#!"P  ,] )

Xﬀ&ﬂ )

=)iqH) 

u M
g
c) 
(
P\w R W1@./464~$D; .'9:$D!>8<./&k]k(3 5$D9I?:cCUV.'9\?Ic($D9IJ' 5- h8<J'J/7@;./7#./&(7b$D!ﬁw PQR 86& J' 5&) "9I$'4(! . h8<J'J/7
-(./2);=4< "!EBS.,-) 5467I,] Pﬁ2)95PSRﬁcR[,7"P	)P

`
]

 ﬂ
`
) ﬀOqn^  
`
u M
w PQR e8<J'J/7Mﬁ.'9CB,86&)J J'9>./2(Lx]@(3 5$D9I?:cdU .'9Mc($D9>J' 5- h8<J'J/7;./7#./&(7MZSR\9> 54686B 86&($D9>[i./BX;=86&( 5-
I
 ﬂ
7I2(4<!>7
<
7>86&)J%w PQR
(
$D!>$j./4646 5?+!# 5- $D! Pﬁ&) "9>J/8< 57\2)LC!#.X^   h M,]Tw eJ
4
.'!# 
D^   ) ﬂ /t qn^   )vu M
g
P
(
P
4
J/2)[' 5&p$'&(- jP hP	/./7>c(8n]Oh 5&) "9:$D!>8<./& ﬂ ?Ic=$'&)J/86&)JfL(9>.,?+ 57>7# 57M86& ! .Tﬂ h8<J'J/7Eﬂ -)./2);K4< "!%BS.Tﬂ
-( 5467>,]SR\cT[,7"P
I
 "H P
(

T]

^'^ <ﬂ

^'^
`
qH) ﬀﬀ/u
Zo^'^
\
0
P=wY2(?+.'!#!# ']ﬁ
I
 5?Ic) "9I?:c) X-=2  -) 57 h8<J'J/7E$'2
g
 "HD$D!#9>./&(,] ./2)9I7E-) %4 m A 5?+./46 X-) M86Uqn^   )vu:P
Zo^

\
P
0
;=$'?:c(8  98>:~]ﬁq
(
?+./464~$D; .'9:$D!>8<./&Kui
g
c) 
(
-) "!# 5?+!#.'9I,]
4
2=?"4nP1 &(7>!#95Pk$'&(-WBS "!>c).,-(7"]
0
 
ﬀ3]
) ﬀ't qH) 
`
u:P
Zo^
` \
jP

P
0
;=$ ".vH   98;:6]Qq
(6
?+./4646$D;.'9I$D!>8<./& uj
g
c) %2)L(J'9:$'-) 5-
(
-) "!# 5?+!#.'9I,]c) "L2ﬂ L=c /t  =)  )DP
Zo^'t
\
P19,A "LA ﬂ
I
 5&($'2(-(8~&k]dNP\&) "9>J'[ ?+.'9>9> 5?+!>8<./&(7pUV.'9pJ' "./BS "!#9>[  3  5?+!>7WUV.'9p 54< 5?+!#9>./&(7p86&
I
2=& 1C1_,]
(
4
.'!# 
`
/^

qn^  /^/u M
^'t 
	(P c32k]%
(
 "!# "9IBC8~&($D!>8<./& .'UP\4< 5?+!#9>./& P\&) "9IJ'[ )?"$'4< $'&(- P\&) "9>J'[
I
 57#./462)!>8<./& 2(7>86&(JWL )
` 
 
(
$D!>$',]
(
4
.'!# 
`

^

qn^  
`
u:P
Zo^/X
\
	(P

P
G
2(!>4< "95]@#wx.,?"$'4

2)./&

./BS 5&T!>2(B 9I 57#./462)!>8<./&=,]
(6
4
.'!# 
`
 /^ qn^  /^/u M
0 Po 0 7NBD$ %]QNRQ$D9:$'BS "!#9I8 586&(J !>c) Gw .3?"$'4

2)./&
I
 57#./462)!>8<./& 86&SL )

(
$D!>$XUV.'9 R

 ),]
(
4
.'!# 
`

)
`
qn^  

u M
MPQ4< 5BS 5&T!"]?P
(
 5468<.'!"]
g
P*h./464686&(J)]C P e$DJ/$'&=$TB38n]
G
PYwx "./&(c($D9:-)!"]

P

2(4~-) "9I7"] PGP
4
2)9:7# ']  P
,./46-(&) "9Nﬂ
I
 5B ;./46-(!"]ﬃ	(P 3!>$D9CB ]@

2(./& 1
(
 "9>!>8ﬀ=?"$D!>86./&fU .'9EL )
`
,]
(
4
.'!# 
`

t  qn^  
`
u:P
Zo^
\
ﬀﬃﬂﬂ "!$##&%%% 1 ' Y LTS 'WV PQ#ﬃ3&V W.ﬂINLW#TS	V KINﬂ2ﬀ?+&#ﬃ+5ﬂﬃT&ﬂ .-+9#ﬃINLﬃ1/ ')ﬀWﬂS
Zo^ﬀ
\
XPh9I " 5&(4< " ']\
g
c( 
(6
C%$'46BC$'&
g
9I$'?(B Q86!>,]
(
&).'!# 
`



qn^  
`
u:P
Zo^
\
P
4
$D9I$'8~&  "! 0 P-,?Ic$D9>! 5BC$'&NR@9>.';K$D;=8646867>!>86? R@9I8~BC$D9>[ b "9>!# +* 3 546 5?+!>8<./&(,]
(
&).'!# 
`

`
^
qn^  /^/u:P
Z


\
0 PM$D9:?IN 
6$ﬃﬂ
G
 5464686-).   98;:~]\NR@9I8~BC$D9>[ b "9>!# +* ?+ "9>!>8ﬀ=?"$D!>8<./& 86&fL )
`
,]
(
&).'!# 
`

^  qn^  
`
u:P
Z

)
\
ﬀﬃﬂﬂ "!$##&%%% 1 ' Y LTS 'WV PQ#9ﬀﬃ*+ I91ﬃ#2/ ?I91ﬃ# 1 ﬃKI9PﬃT ﬂﬃ/#/ ?I&1 ' ﬀWﬂ S
Z

^
\
PGP
G
2(7>$D!#.C "!
G
P 0 &(-)9I86 52k]Q 	/ "! 0 46J'.'9I8<!>c(BC78~&
(
I
2(& 1C1-3.'U ! $D9I CZ
(
 57>?+9I8<L(!>86./& $'&=-
<
7> 57"m7
12(86-) 5,]
(
&(.'!# 
`'`
t qn^  
`
u:P
Z
 
\
 P
G
 "9I&($D9I-(8  398;:~] 
4
0
(
0
Z
0
4
  P@H' 5&T!@;T[8P@H' 5&T! e.'! 5464ﬃC%8~464< "9I,]
(
&).'!# 

XﬀCqH) /u M
 P
G
 "9I&($D9I-(8/  98;:~]\E1 BCL(9>.vH' 5BC 5&R!E.'UQ!>c) 
4
0
(
0 0
4<J'.'9:8<!>c(BZ e.'!h 5464-C%8~464686&)JX86&
(

I
2(& 1(1
(
$D!>$',]
(
&).'!# 
`'`
t qn^  /^/u:P
Z

` \
 P
G
 "9:&($D9I-(8  98;:~]%E1 BSL=9>.vH' 5BS 5&T!>7SUV9>./B!>c) 
g
`
^
0
46J'.'9I8<!>c(B ./& $'4<.'9I8~BS "!# "9h;,F# 5?+!>7
I
 ﬂ
?+./&=7#!#9I2(?+!>8<./&=,]
(
&).'!# 
`
 
t qn^  
`
u M
	(P ﬂ
I
P h468~BC$'&R!  98>:~]ﬁ
g
 5?Ic=&(86?"$'4 -( 57>?+9I8<L(!>86./&d.'Ul!>c) 
g
`
^ $'4<J'.'9I8<!>c=B U .'9e!>c) ?"$'4<.'9:86BS "!# "9M&)./867# 
7I2)L(L(9> 57I7>8<./&(,]
(
&).'!# 
`
)
`
X qn^  

u:P
Z

t
\
	(P ﬂ w@P
0
J'9I$'B  &8>:~]\ 	' "!>P\&) "9IJ'[ ,?"$'46 %$D!
(
I
2=& 1C1 ,]
(
4
.'!# 
`
D^ Oqn^  /t/u:P
Z

X
\
ﬀﬃﬂﬂ "!$##&%%% 1 ' Y LTS 'WV PQ#ﬃ3&V W.ﬂINLW#QV9LWﬂW/T KQS2V#&Pﬃ/ KI9YI232T ﬂI&V9LM')ﬀWﬂ
Z


\
I
P
G
9:2(& /98;:~]@O P
0
4
g
ﬂ
(
 "!# 5?+!#.'9
(
 57I?+9I8<L(!>8<./&f$'&(- ,8~BX2(4~$D!>8<./&(,],-P
I
4
R@9>.'J'9:$'B w 8<;(9:$D9>[
w ./&)JCW9I86!# 52)L  t  )

qH) 
`
u:P
Z

ﬀ
\
g
.'L R\cT[37>8~?"71W.'9CB,86&)J M9>./2)Lx]G
(
g
.'L
0
&($'46[37# 57X$'&(-
(
$D!>$ ,$'BSL=46 SU .'9X!>c)  86&T!# "9 ./&)UV ﬂ
9I 5&(?+ 57e^  
`
,]
(
4
.'!# 
`'`
) 3]Qqn^  
`
u:P
Z


\
	(P ﬂ w@P
0
J'9I$'Bd]
g
cN 57# -) %-(.3?+!#.'9I$D!"]
<
&=8<H' "9I7>8<!3A -( e$'2)!# ﬂ
0
467>$'?+ fqn^  
`
u:P
Z
`

\
4
P

$TB'.vH' 5?M$'&(- 	(P ﬂ Pah9I86H $ '] ()c(8<UV!>86&)J)] ,BS 5$D9I8~&)J1$'&(-
I
 5BC.vH,86&)J ,8~BX2(4~$D!# 5- 	' "!>7>,]
(6
&).'!# 
`
 )
`
qn^  /t/u M
4
P

$TB'.H' 5?$'&(- 	(P ﬂ ﬁP h9I8<HD$ ']K
g
c) 
I
 546$D!>8<H' 
(
$D!>$Wﬂ

./&R!# E$D9I46. 	' "! P\&) "9IJ'[)?"$'4< 5,]
(
&).'!# 
`
ﬀ   qn^  /t/u:P
Z
`
)
\
g
c) 
(
?+./4~46$D;.'9I$D!>8<./&k]%

 5$'7>2)9> 5BC 5&R! .'U
G
- BC8 *)86&)JW2(7I86&)JW.'L(L./7>8<!# ﬂ 7I86-) d=$vH'.'9i!>$DJ'J/86&(J/,]
c( "L2ﬂ  +*1 SX   

`
qn^  SX/u:P
Z
`
^
\
MP
0
[  98;:6]ﬁ S

BC8 *)86&)JS86&US

:

K

ﬀ


:

-) 5?"$5[ BC.3-) 5,]
(
&).'!# Xt ) 
`
qn^  SX/u
Z
`

\
0
P=wY2(?+.'!#!# ']ﬁ
G
L=cT[,7>86?"7 G8<!>cf!>c( 
(

(
 "!# 5?+!#.'9
<
L(J'9I$'-( 5,]
(
&).'!# 

X  qH) /u:P
Z
`'` \
P
G
 5$'2(-) "!#!# S$'&(- 	)P ﬂ P h9I8<HD$ ']
g
c) 
I
./$'-

 "!>c(.3-aqr$'&p$'4<J'.'9I8<!>c=B UV.'9e!>c( j86-( 5&R!>8ﬀK?"$D!>8<./& .'U
 546 5?+!#9>./&(7G8~&XF_ "!>7:u ,]
(
&).'!# 

?X qn^  /^/u:P
^'t )
Z`
t
\
P
G
 5$'2(-( "!#!# ']
g
ckN 57> -) %-).,?+!#.'9I$D!"]
<
&(8<H' "9:7>8<!TA Rl$D9I867(G>1Mqn^  

u:P
Z
`
X
\
P=c) "HD$'464686 "95]  P(9,A "LA ﬂ 9> 5&=$'2(-(86&k] 0 P,wY2(?+.'!#!# ']@
g
c) 
I
./$'-

 "!>c).,- G8<!>ci!>c)  R ,,]
(
&).'!# 
`
ﬀ/Xﬀ3P
Z
`

\
	(P 3!>$D9CB ](?+./BCBj2(&(86?"$D!>86./&dL(9I8<H@A " 'P
Z
`
ﬀ
\
MP 4< 5BS 5&T! 98;:6]\

2)./&21
(
 "9>!>8 ﬀ=?"$D!>8<./&dUV.'9EL )
`
,]
(
&).'!# 
`

t  qn^  
`
u:P
Z
`

\
< P

$D9:$5H,86&k]kOhL(!>86B 8 5$D!>8<./&X.'UK?+ 5&T!#9I$'4,!#9I$'?CBjBC$D!>?Ic=86&)JM!#.M 54< 5?+!#9>./BC$DJ/&) "!>8~?.';,F_ 5?+!>7l;3[X2(!>86468 586&(J
?+ 5&T!#9I$'4 L(9> 57>c).Nﬁ "9e7#!# "9> ".i?"4~2(7#!# "9I7>,]
(
&).'!# 
`'`
)/)iqn^  
`
u:P
Zot 
\ (
P 0 4<!#./&k] 	)P ﬂ RQP C1./&)9I$D!>cNPﬁ&) "9>J'[BS 5$'7I2)9> 5BS 5&T!>7 G8<!>c !>c) a?+ 5&R!#9:$'4 L(9> 57>c).Nﬁ "9W-) "!# 5?+!#.'9:,]
(
&).'!# 
`
X/X't qn^  
`
u:P
Zot )
\
ﬀﬃﬂﬂ "!$##&%%% 1 ' Y LTS 'WV PQ#&X2.L &ﬀﬃ*+2I3+ #&ﬂWV9#&1 ﬃKI9PQT&ﬂﬃ/#&%W#9WKﬃV1&.35ﬂI V9L#TNL/ T T9LTS&*+&/Q+3]
g
.'L R\9>.,-(2(?+!>8<./&ﬀh9I./2)Lx] 1 LK$'&) 5BC$C$'&($'46[37# 57Mﬁ ";(LK$DJ' 
Zot'^
\
ﬀﬃﬂﬂ "!$##&%%%('H+ STW3='H+5ﬂQT5LQYV2KW1 '0/21 .Q#

ST5L/W#Pﬂ	/&L
Zot

\
P	/$'-($'?:c  98;:6]ﬁ
g
$'2)./4~$ ^3P tD,] P
I
4
ﬂ
g
Wﬂ@X 

qH) '^/u:P
Zot
` \
PGP ,c($D;K$'4686&($,]

P ﬂ 0 P R\4< 58< "9v]-	(P ﬂ
I
P*h468~BC$'&R!"]E

 5$'7>2)9I 5BS 5&R!X.'U!>c) S!#;=$D9>! R\9>.,-(2(?+!>8<./& 9I./7>7Eﬂ
, 5?+!>8<./& $D!j7>0T9>!>7C2
)DP	/X
g
  8~& !>c) )P\4< 5?+!#9>./&  	' "!>7 Q8~&($'4 3!>$D!# 2(7>86&(J $
g
.'L./4<.'J/86?"$'4

 "!>c).,-
e8<!>c
`
^'tSL(;d.'U R
0
S)^ -($D!>$',]
(6
&).'!# jt ) ﬀ ) qn^  SX/u:P
Zot't
\
4
P]h./46462); ] PEPU,c($D;=$'468~&($,](

 5$'7I2)9> 5BS 5&T!Y.'U=!>c) \!#;=$D9I! R@9I.3-(2=?+!>8<./&j9I./7>7Eﬂ 3 5?+!>8<./&X$D!Q7I0R9>!>72
)DP	/X
g
  86& !>c( 

2)./&K 	' "!>7=l86&($'423!>$D!# E2(7>8~&)Je$
g
.'L ./46.'J/86?"$'4

 "!>c(.3-G8<!>c8R
0
S)^e-($D!>$',]
(
&).'!# 
t ) ﬀ'^Oqn^  SX/u:P
Zot/X
\
 Ph!# "9>.C[ M$D9 "./&x] R\c
(
!>c( 57>867"]
<
&(8<H' "9I7I8<! [i.'U 1_46468~&)./867Mqn^  SX/u:P
Zot
\
ﬀﬃﬂﬂ "!$## S 
')ﬀV / ' 3 /2K LM' 3Nﬀ# S #2TS9/9L#
Zotﬀ
\
	(P $'BSL=;  54~4n] CSP Pﬁ46468675] 

 

ﬂ

./&T!# $D9:4<. U .'9 ) 

!#.';K$D9I& L(9I.3?+ 57>7> 57>,]
ﬀﬃﬂﬂ "!$## ?39Y '[Y LTS ' WV PQ#
Zot
\
	(P 3!>$D9CB ]

 5$'7>2)9> 5BC 5&R!1.'Uﬁ!>c) !
|
! R\9>.,-(2(?+!>8<./&W9>./7>7Nﬂ 7# 5?+!>8<./&p$D!

7$2 ) ^	/X
g
 86& !>c( w  "L2ﬂ
!#./& \F_ "!>7
l86&($'4 3!>$D!# 57e2(7>86&)J 3.'UV!

2)./&
g
$DJ/7>,]
(
&(.'!# 1*T*3*3*Wqn^  
`
u M
g
c) 
(
?+./4646$D;.'9I$D!>86./&k] 
g
.'L0T2=$D9CBﬃ7# 5$D9I?Ic G8<!>c !>c) 
(6
) '^ ﬂ) 

-($D!>$ 7>$'BCL=4< 5,]
RﬁcR[,7"P
I
 "HKP
(
t'^3] 3]
`
ﬀ  qH) 't/u M
P ﬂ

P c($'&)J)] Rﬁc
(
!>c) 57>867"]
4
.'9>!>c) 5$'7#!# "9:&
<
&(8<H' "9I7>86! [WqH) /X/u:P
Z X 
\
g
c) 
0
g
w
0
f?+./464~$D; .'9:$D!>8<./&k]@
0
g
w
0

g
 5?Ic=&(86?"$'4
(
 57>8<J/&
I
 "L.'9>!>,]K P
I
4
qH) /u:P
Z X )
\
g
c) 
0
g
w
0
 ?+./4646$D;.'9I$D!>8<./&k]E
g
 5?Ic=&(86?"$'4
(
 57I86&)J
I
 "L .'9I!"]
0
g
w
0
 $'4<.'9I86BS "!# "9HRY "9IU .'9IB $'&(?+ 5
1C
G
4
'^ ﬂ   ﬀ

ﬂ  ﬀ ﬂ) qH) /X/u:P
Z X'^
\
P e2);K$'2)!"] I (

$D!
4
w 
0
?+ "9

 !#!#;=$D9  "H' 5&R!>7 G8<!>c w ) !#9I86J'J' "9I,]
ﬀﬃﬂﬂ "!$##ﬃINLﬃ1I3 V ' 3 / K2LM' 3Nﬀ#ﬃ3 V9LQY/2K/&L3&/
IW+ ST * ' ﬃ*3&V&LQY91ﬃT 	 
Z X

\ (
P Rl$'464686&x] ﬀﬃﬂﬂ2"!0##/Q+ T9L/ ' ﬀﬃ*+2I3+,'$Sﬃ+ T ' . ?I3ﬀ('[/1&.#9%S2#T ﬂﬃSTﬃ+ # //2ﬂQINL +&#
   #&KﬃV /W#    9. Q%ST9   	5TSSWIL# K/WTS# YB')ﬀﬃﬂ  M
P
G
86&) "!"]i#wY8<J/cT! F_ "!  5&) "9>J'[ 7>?"$'46 86& 7>86!>2 ?"$'468<;(9:$D!>8<./& 2(7>8~&)J$9> 57>./&($'&(?+ -( 5?"$5[ 86&!>c( { {
?:c($'&(&) 54?G8<!>c
0
g
w
0
,,]
0
g
w ﬂ  

ﬂ 1 
g
ﬂ ^  /t ﬂ   )fqn^  /t/u M
MP
G
867>?"$D9I$D!"]OE1 & ﬂ 7I8<!>2 F# "!  5&) "9>J'[ ?"$'468<;=9I$D!>8<./& BS "!>c).,-(7 86&
0
g
w
0
 $D! !>c)  P
I
4
w 1,]
0
g
w ﬂ ,w 1
(
P ﬂ ^  

ﬂ   )dqn^  

u:P
^'t'^
Z X
` \
I
P
G
9:2(&ﬃ  98;:6]bO P 0
4
g
ﬂ
(
 "!# 5?+!#.'9
(
 57>?+9:8<L(!>8<./& $'&(- ,86Bj2(46$D!>8<./&k]
4
2(?"4nP 1 &(7>!#95P3$'&=-

 "!>c).,-(7
8~& RﬁcR[,7>86?"7
I
 57> 5$D9I?Ic 0 t SX qn^  

uE^'t ﬃﬂ



] 1EPQPQP
g
9I$'&(7I$'?+!>8<./&(7./&
4
2(?"46 5$D9 )?"8< 5&(?+ 1t

4
.)P )
qn^  SX/ue^ ﬃﬂ ^ ﬀ3P
Z X't
\
PGP
I
86?IcT!# "9Nﬂ  $'7"]
(
P )9>./86-) "HD$'2,*]w\P RQ.'J'J/8<./468 ]X 0
g
w 0 
g
Zﬁ$ Ur$'7#! 7I86BX2=46$D!>8<./&aL=$'?(B $DJ' pUV.'9
0
g
w 0 ,,] 0
g
w ﬂ R  <Lﬂ ﬀ ﬂ)

)dqH) ﬀ/u:P
Z X/X
\
P(9I8 *)8<./&) S$'&(-
G
P
I
PkW ";(; "95]

$D!>?Ic(86&(J
4
w  E%
(
?+./BSL=2)!>$D!>86./&(7M$'&(-pL=$D9>!#./&W7>c(. "9 7>84ﬂ
Bj2(46$D!>86./&(7>,]	 >PQR /^ SX qn^  /^/u /^ﬀZ c) "LSﬂ L=c  /^ 
`
^
`'` \
M
PB)9I8 *)8<./&) '] RQP
4
$'7#./&x]
G
P
I
P W ";=;  "9v]G

$D!>?:c(86&)J
4
w  E%
(
$'&=- L=$D9>!#./& 7>c). "9I7j86&Wc) 5$vHT[
K$5H'./2)9eL(9>.,-(2(?+!>8<./&(,]Q	  P R 

 ﬀ qn^  

u    Z c( "L2ﬂ L=c  

/t'^'t'^
\
M
P)9I8<*,8<./&( ']LPEP3w $D 5&) 5&x]LRQP

.'! [,4686&=7NB38 ]
G
P
I
P3W ";(; "95]Y(,8~&)J/4< ﬂ !#.'L L=9>.3-=2(?+!>8<./&C86&

 
4
w M,]
	  P R SX 

qn^  SX/u  '^ Z c) "L2ﬂ L=c  /t )5^'^'t 
\
M
ﬀﬃﬂﬂ "!$##&%%%(')ﬀ/&(' ﬀﬃ* ' 32T 
'$TW3=').WJﬃ# ﬂ2ﬀQ/V K*ﬃ#9%ﬃ/&O2O/2Kﬃ#WT&ﬂ
Z X
\
	(P

P
G
2)!#!# "9 .'9>!>ck] 	' 39> "[
I
P (.'9I7>c($%]

P XP , "[3BS./2(95]

2(4<!>86L=$D9>!#./& 8~&R!# "9I$'?+!>86./&(7
8~& L=c).'!#.'L(9I.3-(2=?+!>8<./& $D! >P
I
0 ,] -P
I
4
ﬂ
g
Wﬂ /X ﬂ ﬀ'^3]

ﬂ  ﬂ
g
 ﬂ /X ﬂ /t3]
<
w ﬂ >PQRﬁﬂ /X ﬂ /^3]
lP R\cT[37"P  D^fZ X

 ﬂ@X
`
XpqH) /X/u:] c) "LSﬂ L=c  /X  )

=)DP(M
 	U1
Z
< h 5&) "9I$D!#.'9 Z

2(4<!>8<L=$D9I!#./& 1 &T!# "9I$'?+!>8<./&(7 86& >P
I
 1 M,]
ﬀﬃﬂﬂ "!$##9ﬃKWV/Q39ﬂ+,')ﬀ/&ﬃYWV KW/ '0V K#QI  Q*Q#
Z Xﬀ
\
P .';=$'4n] E1C
I
$'&(- ﬁ
I
7#[,7#!# 5BC$D!>86?"7 86& !#.'L  "H' 5&R!>7I,]
ﬀﬃﬂﬂ "!$##ﬃINLﬃ1I3 V ' 3 / K2LM' 3Nﬀ#ﬃ3 V9LQY/2K/&L3&/
IW+ ST * ' ﬃ*3&V&LQY91ﬃT  	 
Z X
\
g
c) 
g
 "HD$D!#9>./& Pﬁ4< 5?+!#9>.Nﬁ 5$TBﬃW.'9CB,86&)J M9>./2)L qVUV.'9 !>c) 
(
$'&(-
(
 ./464~$D; .'9:$D!>8<./&(7:u:]

0
./B ;=8~&($D!>8<./& .'U 
(
 $'&(-
(

I
 57>2(4<!>7 ./& !>c) 

$'7>7.'U!>c( 
g
.'L EM2($D9CB,,]
$D9HGh8<HOZc) "L2ﬂ  +*    



`
H) qn^   'u:P
Z  
\
g
c) 
0
g
w
0
?+./4~46$D;.'9I$D!>8<./&k] #w 2(B 86&)./7>8<! [ BS 5$'7>2)9I 5BS 5&R! $'&(- BS./&=8<!#.'9I86&)J86&
0
g
w
0
,,]
ﬀﬃﬂﬂ "!$##ﬃINLﬃ1I3 V ' 3 / K2LM' 3Nﬀ#ﬃ3 V9LQY/2K/&L3&/
IW+ ST * ' ﬃ*3&V&LQY91
	*M
g
c) %w
<
 1
(
J'9>./2)Lx]@(3!>$D!>2=7.'Ubw
<
 1
(
,]
ﬀﬃﬂﬂ "!$##ﬃ3 / K2L('H3Nﬀ# P ﬀ/1&O/ Kﬃ#T ﬂﬃSTW+ # ﬂKﬃT5L-+ #S9.3I&1    Y/&O     ')Q1Y
Z =)
\
 P	)P h!# "9>.C[ﬀM$D9 "./&x]hP PGP h "9>; "95] PGP ,c($D;K$'4686&($,]b

 5$'7>2)9> 5BS 5&T!G.'Ul!>c) X!#!#;=$D9 R\9>.,-(2(?+!>8<./&
9>./7>7>, 5?+!>8<./& 8~&dL(L(;=$D9M./4646867I8<./&(7$D!h7I0R9>!vqr7}u 2
)DP	/X
g
  2(7>86&(J 3 5?+./&(-($D9>[ b "9>!# +* ;2ﬂ
g
$DJ'J/8~&)J/,]
(
&).'!# Xt )/)

qn^  SX/u:P
Z D^
\
P c) "H $'4~468< "95]S PK9> "L ﬂ
I
 5&($'2(-(86&x]Q

 5$'7>2)9> 5BC 5&R!E.'Ul!>c) 1!#!#;K$D9WR@9>.,-(2(?+!>86./& 9>./7>7W3 5?+!>86./& $D!
7I0R9>!vqr7}u 2
)DP	/X
g
 8~& !>c) wx "L(!#./&  	' "!>7 l86&=$'4W3!>$D!# 2(7>86&(J,.'U !

2)./&
g
$DJ'J/86&)J ./&a!>c( ﬀ(9I7#!

X dL=; .'Ul- 
I
2=& 1C1ﬁ-=$D!>$',]
(
&).'!# Xt )/)5t qn^  SX/u:P
Z 

\
ﬀﬃﬂﬂ -+ !0## ﬂ2%INJI=' 3 / K2LM' 3Nﬀ# ﬂ%I5JI2#NOINL#&PI /&%Q# RﬂWSTQ+&# R2ﬂ2ﬀQ/9LT2KQT /&%ﬃV2K2J
Z 
` \
P
G
 "J' 54n]
I
 5?+./&(7#!#9:2(?+!>86&)JC!#.'L  "H' 5&R!>7
G8<!>cfL )
`
BX2(46!>8 F_ "!>77I$'BSL=4< 57>,]
(
&).'!# Xt   )iqn^  /t/u:P
Z Dt
\
 P 	)P M!# "9>. [M$D9 "./&k]bhP PEP h "9>; "95] PGP ,c($D;=$'4~86&($,]

 5$'7I2)9> 5BS 5&T!X.'U!>c) !#!#;=$D9 R\9>.,-(2(?+!>8<./&
9>./7>7>, 5?+!>8<./& 8~&dL(L(;=$D9M./4646867I8<./&(7$D!h7I0R9>!vqr7}u 2
)DP	/X
g
  2(7>86&(J 3 5?+./&(-($D9>[ b "9>!# +* ;2ﬂ
g
$DJ'J/8~&)J/,]
(
&).'!# Xt )/)

qn^  SX/u:P
Z ?X
\
4
P h./464~2);x]NC P e$D9I-( "95]ﬃPGP ,c($D;=$'4~86&($,]=I./BX;=86&( 5- !#!#;=$D9 R\9>.3-=2(?+!>8<./&j9>./7>7 3 5?+!>8<./& $D!Q7I0R9>!>72
)DP	/X
g
  86&f!>c) w  "L(!#./&K 	/ "!>7E?Ic=$'&(&) 54x2(7I86&)J  "H' 5&R! B38~&) 5BC$D!>86?"7>,]
(
&).'!# Xt'^
`
qn^  SX/u:P
Z  
\
P
0
9>.HK]
(
P,c=$TBT9I$D;.'9>! [']Q

 5$'7>2)9I 5BS 5&R!.'Uxz@q F
|
F :{
|
{#u@8~& E ILK"{NM ?Ic($'&=&) 546,]
(6
&).'!# Mt )5tﬀ
qn^  SX/u:P
^'t

Z  ﬀ
\
P 0 &(-) "9I7>./&  &8>:~]

 5$'7>2)9I 5BS 5&R!M.'Ub!>c) j! |!hL(9>.,-(2(?+!>8<./& ?+9>./7>7Eﬂ 7# 5?+!>86./&O$D!

MY2 ) ^	/X >K	 86&
K K $'&=-dk ﬀ=&($'4k7#!>$D!# 57h2(7>8~&)J

  L(;

)1.'UlL=$'7>7I^ -=$D!>$',]
(
&).'!# 
`
ﬀ'^ qn^  /t/u:P
Z  
\
P
G
 57>$'& ?+./&k] P
(
A 5468<.'!"] XP-,c($D9>[3[']%

 5$'7I2)9> 5BS 5&T! .'UM!>c) ! | !iL(9>.,-(2(?+!>8<./&a?+9I./7>7Eﬂ 7# 5?+!>8<./& $D!

M$2 ) ^	/X >K
	 86&f 546 5?+!#9>./& Bj2)./& ﬀ=&($'4k7>!>$D!# 57>,]
(
&(.'!# 
`
ﬀ  qn^  /t/u:P
Z ﬀ 
\
MP)4}A 5BC 5&R!"]S P,w $DJ' "95]WCSP
I
$'& F>$'&k]PGP ,c=$D;=$'4686&($,]Y
g
.'Ld032($D9CBSL(9>.,-(2(?+!>86./&C?+9>./7>77# 5?+!>8<./&f86& !>c) 
46 "L(!#./&Kh!#9I$'?(Bd?Ic($'&(&( 54x2(7>86&(J 7> 5?+./&(-($D9>[ H' "9>!# +* ;2ﬂ !>$DJ'J/86&(J/,]
(
&).'!# Xt  )/) qn^  SX/u:P
Z ﬀ )
\
w\P)wx['./&(7"]
(
P M8<;=$'2)!"] RQP=46843.'9I-k]  e.!#.S?+./BX;=86&) M?+.'9>9> 54~$D!# 5-f 57#!>86BC$D!# 57.'UY$ 7>8~&)J/4< EL=cT[,7>86?"$'4
032($'&T!>8<! [,,]
4
2(?"4nP21_&(7#!#9:2(BdP

 "!>cxP 

@x] )/) qH) ﬀﬀ/u:P
Z ﬀ'^
\
1}P
G
.'9rF>$'&).vH,86?   98;:6]ﬁE1 &TH' 57#!>8<J/$D!>8<./& .'Ul!#.'L BC$'7>7EBC 5$'7>2)9> 5BS 5&T!>7(G86!>cf!>c) 0
g
w 0 f-) "!# 5?+!#.'9h$D!
w M,] P\2)9vPSR\cT[37"P	(PK

f] )2)L(L=4nP)^dqn^  /t/uG7X

ﬂ 7  ,P
^'t
`
 
ﬃ 


1&) f.'UG!>c) BC$'8~&s?:c($'464< 5&(J' 57S.'Ue!>c( f?"2(9>9> 5&T!C$'&(-sUV2)!>2(9> d?+./464686-) "9:7
g
 @$D!#9>./& $'&=-aw 1 867 !>c) 
-(8~7>?+.vH' "9>[ .'U L=cT[37I86?"7\; "['./&(- !>c) 3!>$'&(-=$D9I-

.,-) 54nP
g
c(867\J'./$'4kBC$5[i; h$'?"?+ 57>7I8<;=4< h!>c)9>./2)J/c L(9I 5?"867>8<./&
BS 5$'7I2)9> 5BS 5&T!>7l86&j!>c) !#.'LC0T2($D9(B 7# 5?+!#.'95P
(
 "H,86$D!>8<./&(7QUV9>./B !>c) ".'9> "!>86?"$'4,L(9I 5-(86?+!>8<./&(7QBC$v[ ;(9I8~&)JG!#.%4686J/cR!
!>c) 6ﬀ=9I7#!E86&(-=8<9> 5?+!7>8<J/&(7.'Ul&)  LKcR[,7>86?"7"P
g
c) .'9CB  +*3L./7# 5-W86&O!>c(8~7e!>c( 57>867M-) 5$'467DG86!>c !>c) SL=9>.3-=2(?+!>8<./&O?+9>./7>7Eﬂ 7# 5?+!>86./&p.'Uﬁ!#.'L 032($D9CB LK$'8<9I7
H,86$ !>c) %7#!#9I./&)J 86&T!# "9I$'?+!>8<./&k]ﬃe8<!>c(86& ;.'!>c
(
$'&(- 0
g
w 0 f?+./4646$D;.'9I$D!>8<./&=7"P
l8<9:7#!>4<['] 1}moH' .'9CB' 5- $D!
(6
./&X!>c) ﬁ86BCL(9>.vH' 5BC 5&R!Q.'U)!>c) \9I 5?+./&(7#!#9I2(?+!>86./& .'U=7>.'U !Y 54< 5?+!#9>./&(7"]D86& .'9I-) "9
!#. !>$DJS;2ﬂ F# "!>7L(9>.,-(2(?+ 5- 86& !#.'L2ﬂ $'&R!>86!#.'L 0T2($D9(B37 "H' 5&T!>7"P
g
c) 5&)1@UV.3?"2=7# 5-fB [,7# 54<Ux./&f!>c( MBC 5$'7>2)9> 5BS 5&T!
.'UQ!>c) %!#.'LO0T2($D9(BiL=$'869L(9>.,-(2(?+!>8<./&d?+9>./7I7Eﬂ 7# 5?+!>8<./&G8<!>c
`
^ CL=;


.'U
(
-=$D!>$,P
g
c) %BC 5$'7>2)9> 5- ?+9I./7>7Eﬂ
7# 5?+!>86./& 867E86&d$DJ'9I " 5BS 5&R!
G8<!>cf!>c) H,!>$'&(-($D9I-

.,-) 54 +*3L 5?+!>$D!>8<./&=7"P
1_&d!>c) 0
g
w 0   +*,L  "9:86BS 5&T!"]21!#9:8< 5-f!#.i-) "H' 546.'L $CL(9I.3?+ 5-(2(9> 186&d.'9I-)9I "9!#.i7# 54< 5?+!G!#.'L 032($D9CB L=$'8<9
 "H' 5&T!>7"]K2=7>86&)JS!>c) HB3&(.G4< 5-(J' $'&(- !>c( %!# 5?Ic(&=860T2( 57EUV9>./B !>c) 
(6
 +*3L "9I8~BS 5&R!"P
g
c(867 .'9CB $'467#.ic(8<J/c ﬂ
4686J/cR!# 5- !>c) iBC$'8~& 7#[,7#!# 5BC$D!>86? 7#./2)9:?+ 57 !>c($D! ?"$'&s$ﬃ3  5?+! !>c) f7# 5&(7>86!>8<H386! [O.'UE!>c) iBC 5$'7>2)9> 5BS 5&T!"P 0 UV!# "9
./&) i[' 5$D9X.'UE-=$D!>$ !>$TB,86&)J $D! 4<.N 462(B 86&)./7>8<! [']k!>c(867 L(9> 54686B 86&($D9>[ $'&=$'4<[37I867%.';(!>$'8~&(7 $ 7# 5&(7>8<!>86H38<! [O$D! $
UV L "9I?+ 5&T!e4< "H' 54 ]=4< 5$'-(86&(JC!#.i$ J'.T.,- -(8~7>?+.vH' "9>[dL.'!# 5&T!>86$'4x.'U@&( L=cT[37I86?%7>8<J/&=7"]=468B' X?Ic($D9>J' 5-h8<J'J/7
;./7#./&(75P
g
c) 57> h&)  L=$D9I!>86?"4< 57$DL(L 5$D98~&i&)./&fBC8~&(86BC$'4(7>!>$'&(-($D9I- BS.,-) 5467"],$'&(- BS.3-=8<U [S!>c( eL=c( 5&)./BS ﬂ
&)./46.'J'[ .'U!#.'L L=$'869% "H' 5&R!>75P
g
c(8~71&)  $'&($'4<[,7>867%c=$'7%7>c).NG& $fJ'.3.3- 7# 5&(7>8<!>86H38<! [ UV.'9 7#./BS 9> "J/8<./&(71.'U
!>c) 1LK$D9I$'BS "!# "9e7>L=$'?+ 'P
. 5' (
Rl$D9>!>86?"4< hL=cT[37I86?"7"]
0
g
w
0
 ]
(6
]S,!>$'&(-($D9I-

.,-) 54n]3!#.'L 032($D9CB ]TL(9I.3-(2=?+!>8<./&i?+9I./7>7Eﬂ
7# 5?+!>86./&k]3&(  LKcR[,7>86?"7"]3! . e86J'J/7-)./2);=4< "!BS.,-) 54n]T?:c($D9>J' 5-h8<J'J/7;./7#./&k]2.(ﬂ !>$DJ'J/86&)J)]) 54< 5?+!#9>./&f86&%F# "!>7"]
7#.'UV!E4< "L(!#./&x]	UR\7I8n])L(9> 57>c(. "9G-) "!# 5?+!#.'95P

 
ﬃ
  

wY$WBC867# d 5&A "H386-( 5&(?+ -) &)./2)H' 54~4< dL=cT[37>8~0T2) f 57#!i4nm2(&a-) 57S 5&DF_ 52,*a-) 57S +*,LA "9I8< 5&=?+ 57 $'2)L(95N 57 -) 57
J'9I$'&=-(7%?+./46468~7>8<./&(&) 52(9I7
g
 @$D!#9>./&  "!Xw MMP wx 032($D9CBp!#.'Ls7# L=4~$'?+ -($'&(7%?+ ?+./&R!# +*,!# d-) C9> 5?:c) "9I?:c) 'P
(
 57QBS 57>2)9> 57 -) \?+./2)L=4~$DJ' 57  "!Q-) @L(9>.'L=9I8:A "!TA 57Y-(2X0T2=$D9CBe!#.'L &)./&X?+./&)U .'9:BS 57 $'2,*1L(9,A 5-=86?+!>8<./&(7 !>cﬁA ".'9I86032) 57
7# "9:$'8< 5&R!E46 57L(9> 5BC86 "9I7 3  "!>7e86&(-(869> 5?+!>7-km2(&) 1L=cT[,7>86032) 1&)./&d-ﬁA 5?+9I8<!# XL=$D9G4< 

.3-kN 546 3!>$'&(-($D9:-kP
w  !#9I$vH $'8~4\-A 5?+9I8<! -($'&(7X?+ "!#!# f!>cN 57# iL.'9>!# 7>2)9j4nm A "!>2(-) i-( i46$ 7# 5?+!>8<./&  "y ?"$'?+ -( L(9>.,-(2(?+!>86./& -) 
032($D9CB,7!#.'L L=$D9e86&R!# "9:$'?+!>8<./&dUV.'9>!# $'2 7# 58~& -) 57E-) 52)* ?+./4646$D;.'9I$D!>86./&(7
(
 "! 0
g
w 0 P

./&S!#9I$vH $'8~4YN$
(
$1!#./2)!ﬁ-km$D;.'9I-S?+./&(7>867>!TA G 5&C4nm$'BsA 5468<.'9:$D!>8<./&C-) E46$M9I 5?+./&(7#!#9I2(?+!>86./&C-) 57jA 54< 5?+!#9>./&=7
-) 1Ur$'8<;=46 M8~BSL=2(467I8<./&i$'2 7# 586& -) F# "!>7"P  &)./2)H' 54x$'46J'.'9I8<!>c(BS 1L 52)!E-A 57>.'9IBC$'867/ "!#9I X2)!>864~867TA ML ./2(9E86-) 5& ﬂ
!>8ﬀ= "9e4< 57@F_ "!>7M-) j0T2=$D9CB37 .]KL=9>.3-=2(8<!>7E-($'&=7G4< 57 A "H@A 5&) 5BC 5&R!>71!#.'LSﬂ $'&R!>8<!#.'Lp9> 5?:c) "9I?:cﬁA 57"PY !#9:$5HD$'864Y75mo 57#!
L./2)9I7I2(8<H,8YLK$D9j2(&( i$'&($'4<[,7# -) iBS 57I2)9> -) f46$ 7> 5?+!>8<./&s "y ?"$'?+ d-) L(9I.3-(2=?+!>8<./& -) iL=$'8<9> 57j-) i032($D9CB,7
!#.'Lx],$5H' 5?
`
^ jL(;


-) e-)./&=&ﬁA " 57-( h4nmo +*,LA "9I8< 5&=?+ 
(
P,wx 5793A 57>2(4<!>$D!>7-) h?+ "!#!# 1$'&($'4<[,7# h7>./&R! 5&i$'?"?+.'9:-
$vH' 5? 4< 57L=93A 5-(86?+!>8<./&(7-=2

.,-kN 54< ,!>$'&(-($D9I-kP
(
$'&(7h4nmo +*,LA "9I8< 5&(?+ 0
g
w 0  ]=BC./& !#9I$vH $'8~4 $ ?+./&(7>867#!3A dN$aA 546$D;.'9> "9h2(&) %L(9I.3?KA 5-(2)9I X-) j7TA 54< 5?+!>8<./&O-) 57
A "H@A 5&( 5BS 5&R!>7j!#.'L2ﬂ $'&T!>8<!#.'Lx]Y 5& $'-($DL=!>$'&R!j4< 57%?+./&(&($'8~7>7>$'&(?+ 57  "! 4< 571!# 5?:c(&(86032) 57 8~7>7>2) 571-) i4nmo +*3LA "9:8< 5&(?+ 
(
N$14nmo 5&TH,8<9>./&(&) 5BC 5&R!lL=462=7Y +*)8<J' 5$'&T!\-) 57@?+./4~46867>8<./&=7Y-(2Sw MMPT "!#!# G$'&($'4<[,7# E$ML "9IBC8~7Q-xm86-) 5&T!>8ﬀ( "9b4< 57
7#./2(9I?+ 57M-km86&(?+ "9>!>86!>2(-) 57h0T2(8l$'2)9I./&R!12(&O86BSL=$'?+!17>2(9M4~$iBS 57I2)9> 'P RQ./2)912(&) $'&(&ﬁA " C-) U ./&=?+!>8<./&(&) 5BS 5&T!
-(2 -ﬁA "!# 5?+!# 52)9iN$C;K$'7>7# X4~2(BC86&)./7I8<!TA ']=?+ "!#!# S7# 5?+!>8<./&  "y ?"$'?+ L ./2(9>9I$'8<!/ "!#9> BS 57>2(93A " j$vH' 5?j2=&) L(9,A 5?"8~7>8<./&
-) %032) 546032) 57L./2)9I?+ 5&T!>7"P  "!#!# 7# 5&(7>86;=86468<!3A ML "9IBS "!#!#9I$'86!E-) %-ﬁA 5?+ 54< "9e-( 57G7>8<J/&( 57-) &)./2)H' 54~4< ML=cR[,7>86032) 'P
wY$ L=cA 5&(./B A 5&)./4<.'J/8< %-) 57iA "H@A 5&) 5BS 5&T!>7E!#.'L2ﬂ $'&T!>8<!#.'Ld 57#!BS.,-(8ﬀA " ML=$D946$XL(9,A 57# 5&(?+ 1-) M;./7#./&(7-) 
h8<J'J/7
?:c($D9>JYA 57\$DL(LK$D9I$'867>7>$'&T!b-($'&(7b-) 57bBC.3-kN 54< 57\7#!>$'&(-($D9I-S&(./&jB 86&(86BC$'2)* PDw@m$'&($'46[37#  3 5?+!>2ﬁA " e-($'&=7b?+ E&)./2 ﬂ
H' 5$'2 ?"$'-(9> 1!>cﬁA ".'9I86032) %$S$'86&(7I8KBS./&T!#9,A 032km2(&) 1-A 5?+./2)H' "9I!# X7# "9I$'86!L./7>7I8<;=4< eL ./2(9?+ "9I!>$'86&) 579,A "J/8<./&=7E-) 
4nmo 57>L=$'?+ %-) 57L=$D9:$'BfN "!#9> 57"P
 5 ﬃ 9/ﬁﬀ
R\cT[37I860T2( j-) 57MLK$D9>!>86?"2(4< 575]
0
g
w
0
]
(6
]

.,-N 54< 3!>$'&(-=$D9I-k]k0T2=$D9CB !#.'Lx]x7> 5?+!>8<./&
 "y ?"$'?+ '](&(./2)H' 5464< eL=cR[,7>86032) ']RBC.3-kN 54< CN$ -) 52,* -)./2(;=4< "!>7-) h8<J'J/7"]3;./7#./& -) h8<J'J/7?Ic=$D9>JYA ']A "!>860T2( "!>$DJ' 
-) 57lF_ "!>7W.]A 54< 5?+!#9I./& -($'&=74< 57QF# "!>7"]=4< "L(!#./& BS./2k]	URﬁ7>8n])-A "!# 5?+!# 52)91-) 1L=86 5-(7Eﬂ -) ﬂ J' "9>; 57"P
